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Paraxylene from Corn
Abstract
This report details the preliminary design and economic analysis of a paraxylene production plant that uses
glucose as the raw material in the form of a hydrolysate obtained from an ethanol plant. The process of taking
glucose and converting it to paraxylene happens through three main chemical reactions. The first is the
conversion of glucose to hydroxymethylfurfural (HMF), the second is the hydrogenolysis of
hydroxymethylfurfural to produce dimethylfuran (DMF) and the last is the reaction of dimethylfuran with
ethylene gas to produce paraxyelene. In this report the overall process is broken down in two sections, the first
is the production and purification of DMF and second is the production and purification of paraxylene. The
first step in the production of DMF is the glucose to HMF conversion, which occurs in a continuously stirred,
biphasic reactor with a selectivity of 75%. HMF is then concentrated in a butanol solution and fed into a
trickle bed reactor where it reacts with hydrogen to produce DMF and water, DMF has selectivity of 70%.
DMF is then purified in a separation train comprised by three distillation columns and one liquid-liquid
extraction column. DMF is then fed to a fixed bed reactor where it reacts with ethylene to produce paraxylene
using hexane as a solvent, the selectivity of DMF is 98%. Finally, paraxylene is purified in a separation train
comprised by a decanter and two distillation columns. The process uses about 140,000 lbs/hr of hydrolysate
feed and produces about 13,000 lbs/hr of paraxylene at a 99.9% purity. In this report it is assumed that the
market price of paraxylene is $1.00 per pound, at that price the process presented is not profitable at a return
on investment of -88%. The total capital investment required for this project is close to $47 million. The main
expense of the process is its utilities in energy intensive separation units; the steam requirement of a single
distillation column is alone 37% of the cost of paraxylene.
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University of Pennsylvania School of Engineering and Applied Science Department of Chemical and Biomolecular Engineering 220 South 33rd Street Philadelphia PA, 19104  April 14, 2015 Dear Professor Fabiano and Dr. Gorte, The following report contains our solution to the Paraxylene from corn design project, recommended by Mr. John Wismer. The plant designed utilizes the existing infrastructure of an ethanol plant in Ohio and takes a solution of 20% glucose by weight and produces approximately 102 million pounds/year of paraxylene.  The report details the operation of the plant as well as the process equipment used.  We provide a discussion of the economics of constructing the plant, as well as its profitability and market analysis of the final product. At current paraxylene prices, the process has an ROI of -88.38%. However, at projected prices of paraxylene, the project should become profitable in the future. Since our process utilizes many novel techniques, further research should be undertaken to both refine the design of our plant and decrease projected costs.  Sincerely,  _____________________ ______________________ ______________________ Antonio Barberio Mandi Liu  Alexa Gallegos 
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Abstract This report details the preliminary design and economic analysis of a paraxylene production plant that uses glucose as the raw material in the form of a hydrolysate obtained from an ethanol plant. The process of taking glucose and converting it to paraxylene happens through three main chemical reactions. The first is the conversion of glucose to hydroxymethylfurfural (HMF), the second is the hydrogenolysis of hydroxymethylfurfural to produce dimethylfuran (DMF) and the last is the reaction of dimethylfuran with ethylene gas to produce paraxyelene. In this report the overall process is broken down in two sections, the first is the production and purification of DMF and second is the production and purification of paraxylene. The first step in the production of DMF is the glucose to HMF conversion, which occurs in a continuously stirred, biphasic reactor with a selectivity of 75%. HMF is then concentrated in a butanol solution and fed into a trickle bed reactor where it reacts with hydrogen to produce DMF and water, DMF has selectivity of 70%. DMF is then purified in a separation train comprised by three distillation columns and one liquid-liquid extraction column. DMF is then fed to a fixed bed reactor where it reacts with ethylene to produce paraxylene using hexane as a solvent, the selectivity of DMF is 98%. Finally, paraxylene is purified in a separation train comprised by a decanter and two distillation columns. The process uses about 140,000 lbs/hr of hydrolysate feed and produces about 13,000 lbs/hr of paraxylene at a 99.9% purity.  In this report it is assumed that the market price of paraxylene is $1.00 per pound, at that price the process presented is not profitable at a return on investment of -88%. The total capital investment required for this project is close to $47 million. The main expense of the process is its utilities in energy intensive separation units; the steam requirement of a single distillation column is alone 37% of the cost of paraxylene.   
Disciplines Chemical Engineering | Engineering  
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Section 2: Introduction  
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Paraxylene is the precursor to polyethylene terephthalate (PET), which is used in polyester fibers, resins, and films for a variety of applications. Traditionally, paraxylene is produced by catalytic reforming of naphtha as a part of the production of BTX (benzene, toluene, and xylenes). However, with the changing landscape of crude oil and natural gas (see Section 3: Market and Competitive Analysis), estimated market conditions indicate a profitable opportunity for biomass producers to shift from traditional alcohols to aromatic products, such as paraxylene.  The idea behind this project is to take saccharified corn starch produced in the front end of most bio-ethanol plants and design a process to produce paraxylene. In the front end of most bio-ethanol plants, corn starch is saccharified, creating a glucose syrup called hydrolysate, which is the feed to the presented process. It is estimated that this feed stream will be available as a 58000 kg/hr solution at 20% glucose by weight. Traditionally the glucose is then used in a fermenter to produce ethanol as a fuel additive. This process is designed to utilize the front end processing and existing plant infrastructures of one such ethanol plant to produce paraxylene. 
2.1 Previously Published Process Design A 2014 Industrial and Engineering Chemistry (I&EC) published report by Lin et. al. presents a techno-economic evaluation of the production of bio-mass derived paraxylene [4]. In their reaction scheme, tetrahydrofuran (THF) is used as the extracting solvent to remove HMF from the aqueous phase, resulting in high selectivity of HMF. However, the research group incorrectly assumed that THF was insoluble in water. This key point invalidated most of their process. Much of our process presented here is based on the valid parts of the I&EC process.  The extraction of HMF in this process was thus modified and is carried out using n-butanol. The separation of the solvent containing the desired HMF from the undesirable water posed a major challenge to the economic viability of the system. Furthermore, there was a tradeoff between discarding unreacted glucose in a butanol-water mixture and recycling the large amount of butanol 
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and water. Despite these challenges, the process presented below illustrates the most feasible production of paraxylene and utilizes a solvent with the correct characteristics.   
2.2 Chemistry Background The production of paraxylene from occurs in three modules, presented in Figure 2.1 and summarized below: 1. Conversion of glucose to hydroxylmethylfurfural (HMF)  2. Conversion of HMF to 2,5-dimethylfuran (DMF)  3. Conversion of DMF to paraxylene  
 
Figure 2.1 Simplified process schematic for the production of paraxylene from biomass (glucose)  The first module is the reaction of glucose in a NaCl and HCl solution to produce 5-hydroxymethylfurfural (HMF), as shown below.  
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝑎𝑎𝑎𝑎) → 𝐻𝐻𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) + 3 𝑤𝑤𝑎𝑎𝑤𝑤𝐺𝐺𝑤𝑤                                           (1) This process takes place in a biphasic reactor, with the reaction taking place in the aqueous phase at 75% conversion of glucose. The organic phase in the reactor is n-butanol, which is present at a 3:1 volumetric ratio with the aqueous phase to extract the HMF product as it is made. This is done to avoid the side reaction shown below: 
𝐻𝐻𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) + 2 𝑤𝑤𝑎𝑎𝑤𝑤𝐺𝐺𝑤𝑤 → 𝐿𝐿𝐺𝐺𝐿𝐿𝐺𝐺𝐺𝐺𝑙𝑙𝑙𝑙𝑙𝑙𝐺𝐺 𝐴𝐴𝐺𝐺𝑙𝑙𝐴𝐴(𝑎𝑎𝑎𝑎) + 𝐻𝐻𝐺𝐺𝑤𝑤𝐹𝐹𝑙𝑙𝐺𝐺 𝐴𝐴𝐺𝐺𝑙𝑙𝐴𝐴(𝑎𝑎𝑎𝑎)                  (2) This side reaction takes place at 25% conversion of HMF. Once the HMF is formed it is concentrated and sent to the second module of the presented process. 
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 The second module is the reaction of HMF and hydrogen to produce 2,5-dimethylfuran (DMF). This reaction takes place over a Pt-Co catalyst at 98% conversion of the HMF. The reaction is shown below: 
𝐻𝐻𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) + 𝐻𝐻𝐻𝐻𝐴𝐴𝑤𝑤𝐺𝐺𝐻𝐻𝐺𝐺𝑙𝑙(𝐻𝐻) → 𝐷𝐷𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) + 2 𝑤𝑤𝑎𝑎𝑤𝑤𝐺𝐺𝑤𝑤                              (3) There are no significant side reactions in this module, leading to high quality DMF to be fed to the third module. The overall reaction scheme for the first two modules is presented in Figure 2.2 
 
Figure 2.2 Reaction pathway for glucose to DMF (module 1 & 2)  The third reaction module is the conversion of DMF to paraxylene with ethylene. This reaction occurs through a [4 +2 ] Diels-Alder cycloaddition reaction and subsequent aromatization by acid-catalyzed dehydration to paraxylene. Enhanced selectivity to paraxylene can be achieved using an H-BETA zeolite catalyst and an aliphatic solvent [6]. The reaction pathway is shown below.  
 
Figure 2.3 Reaction pathway for DMF to paraxylene    
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Three major side reactions occur and are summarized below:  1. Hydrolysis of DMF to form 2,5-hexanedione 
 2. Secondary addition of DMF to produce dimers (negligible) 3. Secondary reactions of ethylene to form alkylated products, predominantly 1-ethyl-2,4-dimethylbenzene 
 Hexane was chosen as the aliphatic solvent, as it was utilized in the earlier purification of DMF as an extracting solvent.              
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Paraxylene is a key raw material for the manufacture of terephthalic acid (TPA), purified terephthalic acid (PTA), and dimethyl terephthalate (DMT). TPA, PTA, and DMT, are then used for the production of polyethylene terephthalate (PET) polyester polymers. Traditionally, crude derived naphtha has been used as the feedstock for the production of paraxylene. However, the shale revolution in North America has had an enormous impact on aromatic production on the continent. Due to the rise of shale gas, ethylene producers have moved away from using petroleum-based naphtha to using lighter, natural gas-based feed stocks. Since xylene is a coproduct with ethylene, the shift towards shale-based ethylene will lead to significant increases in the price of xylenes.  In the last half of 2014, paraxylene prices have decreased dramatically as a result of the collapse in crude oil prices. (See Figure 3.1.) Ultimately, however, crude derived petrochemicals should have a significant premium relative to natural gas derived olefins. Thus, the prices of aromatics such as paraxylene should rise due to the low aromatic content in shale-based oils. This premium should increase as shale-based oil increases its share of the US oil market. An opportunity thus opens for biomass producers to shift towards away from the production of traditional alcohols and towards the production of aromatics.  
 
Figure 3.1 Prices of paraxylene in 2014, per metric ton (/mt). Source: Platts  
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The US paraxylene market will be predominantly dictated by the xylene market in Asia, since Asia continues to capture the market share of the global market in polyester polymer production (See Figure 3.2.) Currently, the US is a net exporter of mixed xylenes and paraxylene and accounts for approximately 25 percent of mixed xylene imports in Asia (roughly 800,000 mt/year). New capacity is expected to be located mostly in Asia (primarily China) and by 2023, this new capacity is expected to account for over 70 percent of global paraxylene capacity. China’s polyester industry is expected to expand significantly and as a result, China will likely increase reliance on paraxylene imports to meet requirements.  
 
 
Figure 3.2 Current and projected market share of global production of polyester polymer, by region. Source: The PCI Group.   
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4.1 Process Flow Diagrams 
Figure 4.1. Section 100. Process flow diagram detailing the equipment and streams for the production of DMF. 
 
 
  
Figure 4.2. Section 200. Process flow diagram detailing streams and equipment for the production of paraxylene.
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4.2 Material Balances 
 
Table 4.1 Stream Summaries S-100 to S-109 
 
 
S100 S101 S102 S103 S104 S105 S106 S107 S108 S109
Phase VAPOR LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID MIXED LIQUID
Temperature F             77 77 77 197.4533 198.8862 338.6207 356 355.8381 419.9234 122
Pressure    psia          145.0377 29.00755 29.00755 29.00755 275.5717 275.5717 275.5717 275.5717 275.5717 275.5717
Total Flow  lb/hr         817.9 1.50E+05 367.0932 1.70E+06 1.70E+06 1.70E+06 1.70E+06 1.70E+06 1.70E+06 1.70E+06
Mass Flow   lb/hr                   glucose 0 27292.87 0 35215.84 35215.84 35215.84 35215.84 8.80E+03 8.80E+03 8.80E+03water 0 1.09E+05 0 2.19E+05 2.19E+05 2.19E+05 2.19E+05 2.27E+05 2.27E+05 2.27E+05butanol 0 0 367.0932 1.32E+06 1.32E+06 1.32E+06 1.32E+06 1.32E+06 1.32E+06 1.32E+06NaCl 0 11713.68 0 1.20E+05 1.20E+05 1.20E+05 1.20E+05 1.20E+05 1.20E+05 1.20E+05HCl 0 1405.641 0 1409.159 1409.159 1409.159 1409.159 1409.159 1409.159 1409.159levulinic acid 0 0 0 4.804389 4.804389 4.804389 4.804389 288.5814 288.5814 288.5814formic acid 0 0 0 0.247107 0.247107 0.247107 0.247107 112.729 112.729 112.729HMF 0 0 0 1232.816 1232.816 1232.816 1232.816 19413.14 19413.14 19413.14H2 817.9 0 0 0 0 0 0 0 0 0CO2 0 0 0 0 0 0 0 0 0 02,5-dimethylfuran 0 0 0 5669.795 5669.795 5669.795 5669.795 5669.795 5669.795 5669.795hexane 0 0 0 0 0 0 0 0 0 0
 
 
 
 Table 4.2 Stream Summaries S-110 to S-116b 
S110 S111 S112A S112B S112C S112D S112E S112F S113 S114 S115 S116 S116B
Phase LIQUID LIQUID LIQUID LIQUID MIXED VAPOR LIQUID LIQUID LIQUID LIQUID LIQUID MIXED LIQUID
Temperature F             122 122 122 179.2433 345.2 344.9888 344.9888 212 122 211.763 211.763 211.763 211.896
Pressure    psia          29.00755 29.00755 29.00755 29.00755 29.00755 29.00755 29.00755 29.00755 29.00755 15.95415 15.95415 1.60E+01 29.00755
Total Flow  lb/hr         2.57E+05 25697.75 2.31E+05 2.31E+05 2.31E+05 1.05E+05 1.26E+05 1.26E+05 1.44E+06 1.30E+06 103.5583 1.30E+06 1.30E+06
Mass Flow   lb/hr                      glucose 8803.959 880.3959 7923.563 7923.563 7923.563 0.593182 7922.97 7922.97 0 0 0 0 0water 1.25E+05 12498.45 1.12E+05 1.12E+05 1.12E+05 1.02E+05 10105.08 10105.08 1.02E+05 1.00E+05 0 1.00E+05 1.00E+05butanol 1316.935 131.6935 1.19E+03 1185.241 1.19E+03 1.04E+03 141.7685 141.7685 1.32E+06 1.20E+06 0 1.20E+06 1.20E+06NaCl 1.20E+05 11995.47 1.08E+05 1.08E+05 1.08E+05 1.86E-74 1.08E+05 1.08E+05 120.0747 9.71E-212 0 0 0HCl 1407.75 140.775 1.27E+03 1266.975 1266.975 1264.866 2.109475 2.109475 1.409159 1.41E+00 0 1.41E+00 1.41E+00levulinic acid 5.771628 0.577163 5.194465 5.194465 5.194465 0.390069 4.804396 4.804396 282.8098 3.08E-08 0 3.08E-08 3.08E-08formic acid 2.25458 0.225458 2.03E+00 2.029122 2.029122 1.782013 0.247109 0.247109 110.4744 1.04E+02 103.5583 0 0HMF 388.2628 38.82628 349.4365 349.4365 349.4365 14.76678 334.6697 334.6697 19024.88 6.06E-10 0 0 0H2 0 0 0 0 0 0 0 0 0 0 0 0 0CO2 0 0 0 0 0 0 0 0 0 0 0 0 02,5-dimethylfuran 113.3959 11.33959 102.0563 102.0563 102.0563 91.17236 10.88395 10.88395 5556.399 5268.536 0 5268.536 5268.536hexane 0 0 0 0 0 0 0 0 0 0 0 0 0
18 
 
Table 4.3 Stream Summaries S-117 to S-126 
S117 S118 S119 S120 S121 S123 S123B S124 S125 S126
Phase LIQUID LIQUID LIQUID VAPOR MIXED LIQUID LIQUID LIQUID LIQUID LIQUID
Temperature F             249.9138 250.4044 356 378.008 378.008 122 122.0195 207.3396 261.3088 77
Pressure    psia          1.89E+01 145.0377 145.0377 145.0377 145.0377 145.0377 36.25943 15.95415 20.11415 14.69595
Total Flow  lb/hr         1.42E+05 1.42E+05 1.42E+05 70.96399 1.43E+05 1.43E+05 1.43E+05 51582.37 91395.86 26455.47
Mass Flow   lb/hr                   glucose 0 0 0 0 0 0 0 0 0 0water 2.13E+03 2276.281 2276.281 0 7149.078 7149.078 7.15E+03 7149.078 3.48E-06 0butanol 1.20E+05 1.21E+05 1.21E+05 0 1.21E+05 1.21E+05 1.21E+05 31154.06 89999.12 0NaCl 1.20E+02 0 0 0 0 0 0 0 0 0HCl 6.12E-04 0.043227 0.043227 0 0.043227 0.043227 0.043227 0.0428231 6.30E-09 0levulinic acid 282.8098 281.9563 281.9563 0 281.9563 281.9563 281.9563 6.09E-11 281.9563 0formic acid 6.91612 0.875667 8.76E-01 0 8.76E-01 8.76E-01 8.76E-01 0.8580354 0.017632 0HMF 19024.88 17953.11 17953.11 0 897.6553 897.6553 897.6553 1.94E-12 897.6553 0H2 0 0 0 70.96399 0 0 0 0 0 0CO2 0 0 0 0 0 0 0 0 0 02,5-dimethylfuran 287.863 296.2855 296.2855 0 13296.83 13296.83 13296.83 13278.33 18.49693 0hexane 0 3.63E-08 3.63E-08 0 3.63E-08 3.63E-08 3.63E-08 3.63E-08 7.34E-19 26455.47Na+ 0 78.12804 78.12804 0 78.12804 78.12804 78.12804 2.20E-26 78.12804 0H+ 0 3.66E-12 2.40E-14 0 4.67E-15 1.30E-08 1.29E-08 1.12E-05 2.43E-21 0Cl- 0 120.4866 120.4866 0 120.4866 120.4866 120.4866 3.93E-04 120.4866 0
 
 
Table 4.4 Stream Summaries S-127 to S-137 
S127 S128 S129 S130 S131 S132 S133 S134 S135 S136 S137
Phase LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID MIXED LIQUID
Temperature F             114.3504 131.9705 131.9705 132.1534 144.9855 275.3854 145.2077 123.2578 184.6335 261.3088 261.3088
Pressure    psia          14.69595 14.69595 14.69595 36.25943 15.95415 26.11415 36.25943 15.95415 19.75415 20.11415 20.11415
Total Flow  lb/hr         1.34E+05 7158.705 1.78E+05 1.78E+05 1.46E+05 31526.32 1.46E+05 1.07E+05 39352.55 91113.91 281.9563
Mass Flow   lb/hr                    glucose 0 0 0 0 0 0 0 0 0 0 0water 305.6429 7149.078 305.6436 305.6436 305.6436 4.98E-06 305.6436 305.6436 7.43E-06 3.48E-06 0butanol 0.015014 2.36E-06 31154.07 31154.07 0.018388 31154.05 0.018388 0.015012 3.38E-03 89999.12 0NaCl 0 0 0 0 0 0 0 0 0 0 0HCl 0 8.05E-10 0 0 0 0 0 0 0 6.30E-09 0levulinic acid 0 0 0 0 0 0 0 0 0 0 281.9563formic acid 8.43E-07 1.24E-05 0.858024 0.858024 2.07E-04 0.857817 2.07E-04 8.54E-07 2.06E-04 0.017632 0HMF 0 0 0 0 0 0 0 0 0 897.6553 0H2 0 0 0 0 0 0 0 0 0 0 0CO2 0 0 0 0 0 0 0 0 0 0 02,5-dimethylfuran 522.498 9.149948 13791.68 13791.68 13420.27 371.4079 13420.27 522.5445 12897.72 18.49693 0hexane 1.33E+05 0.43402 1.33E+05 1.33E+05 1.33E+05 2.39E-12 1.33E+05 1.06E+05 26454.82 0 0Na+ 0 0 0 0 0 0 0 0 0 78.12804 0H+ 0 1.19E-03 0 0 0 0 0 0 0 2.05E-15 0Cl- 0 0.042033 0 0 0 0 0 0 0 120.4866 0
 
 
Table 4.5 Stream Summaries S-207 to S-214 
  
Table 4.6 Stream Summaries S-135 & S-201 to S-206 
S-207 S-208 S-209 S-210 S-211 S-212 S-213 S-214
Phase LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID
Temperature F             104 104 113 113 144.4157 309.2701 286.6465 401.1048
Pressure    psia          899.234 30 30 30 15.95415 20.73415 15.95415 22.77415
Total Flow  lb/hr         43313.45 43313.45 2391.027 40922.42 26599.57 14322.85 12962.18 1360.671
Mass Flow   lb/hr                 paraxylene 12994.15 12994.15 0.271735 12993.88 28.82205 12965.05 12961.28 3.778022,5-hexanedione 151.7222 151.7222 30.4238 121.2983 1.16E-04 121.2982 0.896387 120.4018water 2346.962 2346.962 2327.476 19.48798 19.48798 1.09E-38 0 0ethylene 0 0 0 0 0 0 0 02,5-dimethylfuran 129.0923 129.0923 32.72357 96.36877 96.36754 1.23E-03 1.23E-03 1.18E-161-ethyl-2,4-dimethylbenzene 1236.496 1236.496 5.37E-03 1236.491 5.21E-08 1236.491 2.45E-05 1236.491hexane 26455.03 26455.03 0.127242 26454.9 26454.9 2.43E-03 2.43E-03 1.96E-15
S-135 S-201 S-202 S-203 S-204 S-205 S-206
Phase LIQUID VAPOR LIQUID LIQUID MIXED VAPOR MIXED
Temperature F             184.64 690.6195 196.2355 482 662 662 402.0032
Pressure    psia          19.7 899.234 899 899 899.234 899.234 899.234
Total Flow  lb/hr         39362.99 3968.321 39362.99 39362.99 43313.45 17.85196 43313.45
Mass Flow   lb/hr                paraxylene 0 0 0 0 12994.15 0 12994.152,5-hexanedione 0 0 0 0 151.7222 0 151.7222water 0 0 0 0 2346.962 0 2346.962ethylene 0 3968.321 0 0 0 17.85196 02,5-dimethylfuran 12907.96 0 12907.96 12907.96 129.0923 0 129.09231-ethyl-2,4-dimethylbenzene 0 0 0 0 1236.496 0 1236.496hexane 26455.03 0 26455.03 26455.03 26455.03 0 26455.03
 
 
4.3 Process Descriptions 
 The overall production of paraxylene from glucose has been divided into two major sections. Section 100 is depicted in Figure 4.1 and it shows the streams and equipment designed for the production and purification of DMF from glucose. Section 200 is depicted in Figure 4.2 and it shows the streams and equipment designed for the production and purification of paraxylene from DMF. The dashed boxes in the process flow diagrams indicate the existence of an important subsection. Blue boxes represent a section of the process where an intermediate or product is produced and red boxes indicate a separation train for purification. In this section Figure 4.1 and 4.2 are referenced often and the process sections and subsections are described.    
Section 100 
Production of HMF The first major subsection of the process is the production of hydroxymethylfurfural (HMF), which is an intermediate in the production of paraxylene from glucose. HMF is produced in continuously stirred, biphasic reactor, R-101. The two phases that exist in the reactor are an aqueous phase where the reaction takes place catalyzed by an acid and Sn-beta, and an organic phase mainly composed of butanol [4, 6]. Butanol, in this case, acts as an extracting solvent, pulling HMF from the aqueous to the organic phase as the reaction progresses. HMF is extracted from the aqueous phase by butanol because HMF reacts with water to produce levulinic and formic acid. The feed to reactor R-101 must be heated and pressurized to target operating temperature and pressure of 356⁰F and 276 psi. HX-101, HX-102 and HX-103 are a system of heat exchangers that heat the R-
101 feed to 356 ⁰F and then cool it back to 122 ⁰F. R-101 effluent stream, S-107, is used to heat up the feed stream, S-104, in HX-101, a fixed-head shell and tube heat exchanger. Trim shell and tube heat exchanger HX-102 is required to heat S-105 to operating temperature 256⁰F. Similarly, a trim cooler is used to cool stream S-108 to 122⁰F.  
 
 
Stream S-109 then passes through V-101, an isentropic valve, and is fed into decanter, D-101 where the two liquid phases are separated; since butanol and water are partially miscible the split is not perfect. The aqueous phase leaves the decanter in stream S-110, 10% of that stream is purged in S-111 and the remaining solution is fed to a heat exchange system. HX-106 is a fixed-head, shell and tube heat exchanger that takes two process streams and exchanges heat between them. S-112a acts as the cold stream passing through the tubes in HX-106, S-112e acts as the hot stream flowing through the shell of the heat exchanger. After it is heated stream, S-112b passes to a trim heater, HX-107 to reach 345⁰F, temperature required in flash F-101 to remove a significant portion of the water in S-112c. Thus mostly steam exits F-101 in the top effluent while the bottom is mainly composed of salts and glucose in the form of a flowing, wet slurry. The salt, hydrochloric acid and glucose are recycled back to the beginning of the system in stream S-112f. F-101 is necessary because there is a large amount of water in the system, most of it enters with the glucose feed but water is also recycled throughout the process. High volumes of water equates to high volumes of butanol, larger vessels, more energy intensive heat transfer and separations, thus it was in the best interest of the profitability of the project to use F-101 to evaporate water. F-101 removes 102,400 lbs/hr of water from stream S-112c. The butanol phase exits D-101 in stream S-113 and continues to distillation column C-101 where the HMF in butanol solution is concentrated to about 13 wt% HMF. The butanol solution removed in stream S-114 is then fed to reactor R-103 which is a packed tubular reactor where the formic acid in the system is broken down to hydrogen and carbon dioxide gas using a carbon-supported Pd-Ni catalyst at ambient conditions. The gas effluent is removed in stream S-115 and the remaining contents are pressurized using centrifugal pump P-105 and fed back to the beginning of the system.  
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Production of DMF The 13 wt% HMF solution in butanol exiting C-101 continues to the next subsection in the process; the production of dimethylfuran (DMF). The contents of stream S-117 are fed into pump P-102 with a discharge pressure of 141 psi. Stream S-118 is then heated to 356˚F in HX-104, a fixed-head, shell and tube heat exchanger, using the hot effluent from reactor R-102. Stream S-119 is then fed into R-102 where HMF reacts with hydrogen gas to produce DMF and water. Reactor R-102 is a trickle bed reactor where the catalyst is Pt-Co nanoparticles on activated carbon and the butanol solution and hydrogen gas flow in a countercurrent configuration [9]. The hydrogen gas is fed in slight excess; therefore, any unreacted gas it is collected in stream S-120 and recycled back into the reactor immediately. Stream S-100 makes up most of the hydrogen needed. We assumed that DMF is produced by 95% conversion of HMF and 73% selectivity. The effluent of the reactor, S-121, then passes through HX-104 where it is cooled to 277˚F; a trim cooler HX-105 is used to cool it further to 
122˚F.   
Purification of DMF Stream S-123 passes through valve V-102 and is fed into the next major subsection of the process: the purification of DMF from side products, water and butanol. Stream S-123b is the feed to distillation column C-102, which is a 20 stage column that removes about 74% of the butanol as well as all the remaining HMF and levulinic acid in the bottoms product. The distillate product of C-102 then proceeds to liquid-liquid extraction column LLE-101 where the DMF in the water/butanol solution is extracted from that phase into a hexane phase that enters the extractor in stream S-127. The raffinate stream, which contains most of the remaining water in the system, is removed in stream S-128. DMF, some butanol and all the hexane continues on to further purification in S-129. 134,000 lbs/hr of hexane are needed for the extraction in LLE-101.  S-129 continues to centrifugal pump P-103 at a discharge pressure of 36 psi in order to be fed to C-103. C-103 is a 70-stage distillation column that removes the remaining butanol in the 
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system, which leaves in the bottoms product S-132, and is recycled back to the beginning of the glucose to HMF process. The distillate product contains most of the DMF and hexane. S-131 is then pressurized in P-104 and fed into a fourth distillation column, C-104 (17 stages), where the main concern is to remove some of the hexane that was required for the liquid-liquid extraction. About 80% of the hexane that enters the column is then removed in the distillate product of C-104 and recycled in stream S-134 back to the extractor. The bottoms of C-104, a solution of 33wt% DMF and 67wt% hexane, then continues Section 200 where DMF is converted to paraxylene.  
Section 200 
Production of paraxylene The second section accomplishes the conversion of paraxylene from DMF. The mixture of DMF and hexane is heated in HX-201 from 185°F to 482°F and fed into reactor R-201. The reactor is a fixed-bed reactor, packed with a zeolite beta catalyst with liquid and gaseous reactants charged at 899 psi.  We assumed that the ethylene feed would be provided to the plant pre-compressed. The reactor system is split into two sections to allow intercooling since the reaction is highly exothermic; an overall 212°F temperature rise is allowed in the reaction system. The reactor effluent is fed to HX-201 to heat the feed stream. Based on conservative estimates, deactivation and regeneration of the zeolite catalyst was assumed to occur every 24 hrs. Therefore, two reactor sets are needed; during operation, the system will switch between these two sets every 24 hrs. As a result, 4 reactor sections are required.    The reactor is assumed to be equipped with a gas recycle system in which the excess ethylene can be combined with fresh ethylene at 899 psi. The pressure drop within the reactor was assumed to be negligible. After steady state operation is reached, the amount of ethylene added to the system accounts for the excess ethylene.  
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Purification of paraxylene The liquid effluent from the reactor is further cooled in HX-202 to 104°F. A throttle valve was placed after HX-202 to decrease pressure and eliminate the need for further thick-walled vessels. The effluent is then decanted in D-201 to separate water from the organic components, which include paraxylene. Hexane is then separated from paraxylene and other heavy products in C-201; hexane is then recycled back to the 100 section of the process, to LLE-101. The bottoms products from C-201 is fed into a second distillation column, C-202, which separates paraxylene from the heavier aromatic side products. 
  
26 
 
Section 5: Equipment List and 
Descriptions 
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5.1 Equipment Descriptions  
Section 100 
P-101 P-101 is a 3600 RPM, cast iron, centrifugal pump with a discharge pressure of 275.6 psia and a flowrate of 2003 gpm. The pump efficiency is 0.82 and the total work required is 796 hp. P-101 pressurizes the contents of stream S-103, which after heating are the feed to R-101. The purchase cost of this pump is $7,900 and the bare module cost is $88,500.  
HX-101 HX-101 is a carbon steel, countercurrent, shell and tube heat exchanger where the feed to reactor R-101 is the cold stream and the effluent of R-101 is the hot stream. The hot effluent enters through the shell side at 356°F and leaves at 216.7°F while the cold feed stream enters through the tube side at 198.7°F and leaves at 338°F.  The area required for heat transfer is 11163 ft2, the heat duty is 205.6 MBTU/hr and the bare module cost is $249,000.  
HX-102 HX-102 is a carbon steel, countercurrent, shell and tube heat exchanger where steam at 473°F is used to heat S-105 from 338°F to 356°F, prior to feeding it to R-101. The area required for heat transfer is 1236 ft2, the heat duty is 27.4 MBTU/hr and the bare module cost is $53,476.  
R-101 R-101 is a carbon steel, continuously stirred biphasic reactor where the glucose feed is reacted to produce hydroxymethylfurfural (HMF). The two phases that exists in R-101 are an aqueous phase where the reaction actually takes place and an organic phase that is used to extract HMF as it is produced; the organic phase is three times the volume of the aqueous phase and is mainly 
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composed of butanol. The reaction is catalyzed by hydrochloric acid and tin-beta, it is assumed that the life of tin-beta is about a month while hydrochloric acid is replenished as need but is mostly recycled in the system. The selectivity of HMF is 0.75. The reactor is operates at 275.6 psi and 356°F. The diameter of R-101 is 13 ft, the height is 26 ft and the required wall thickness is 1.95 in. The total bare module cost of R-101 is $1,001,500.  
HX-103 HX-103 is a carbon steel, countercurrent, shell and tube heat exchanger where cooling water at 90°F is used to cool S-108 from 216.7°F to 122°F, prior to feeding it to D-101. The area required for heat transfer is 11913 ft2, the heat duty is 137.4 MBTU/hr and the bare module cost is $264,027.  
D-101 D-101 is a carbon steel decanter where the two liquid phases from R-101 settle and separate. The aqueous phase leaves in stream S-110 and the butanol phase leave in stream S-113. D-101 has a diameter of 14.3 ft, a length of 57 ft and a wall thickness of 0.625 in. The total bare module cost is $430,953.  
HX-106 HX-106 is a carbon steel, countercurrent, shell and tube heat exchanger where S-112a is the cold stream and bottoms of flash F-101 is the hot stream. The hot stream enters through the shell side at 345.2°F and leaves at 212°F while the cold stream enters through the tube side at 122°F and leaves at 139.5°F.  The area required for heat transfer is 561 ft2, the heat duty is 10.4 MBTU/hr and the bare module cost is $38,415.  
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HX-107 HX-107 is a carbon steel, countercurrent, shell and tube heat exchanger where steam at 473°F is used to heat S-112b from 139.5°F to 345.2°F, prior to feeding it to F-101. The area required for heat transfer is 3244 ft2, the heat duty is 122.6 MBTU/hr and the bare module cost is $92,150.  
F-101 F-101 is a carbon steel flash vessel operating at 345°F. The purpose of this flash is to remove most of the water from S-112c, leaving a wet slurry of salt and glucose to be recycled back to the beginning of the process. F-101 has a diameter of 14 ft, height of 29 ft, wall thickness of 0.625 in and bare module cost of $573,120.  
C-101 C-101 is a sieve tray distillation column system of five columns which removes water and butanol to concentrate HMF. Each column has 9 trays with 1.5ft spacing, a total condenser, and a reboiler. Each column operates with a molar reflux ratio of .0459. Each feed stream (modeled as S-113) of 764,727 lb/hr enters the column on stage 10 (reboiler). The distillate is removed at a temperature of 211°F and the bottoms is taken off at a temperature of 249°F. Each column has a diameter of 18ft and a height of 29ft. The total bare module cost of each column of C-101 is $1,337,315. The entire separation system of C-101 has a bare module cost of $6,886,575.   
RA-101 RA-101 is the reflux accumulator for one column of C-101. It operates at 16psia and 211°F. It is constructed from carbon steel, has a diameter of 4ft, and a height of 8ft. The total bare module cost of RA-101 is $59,025.  
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HXR-101 HXR-101 is a shell and tube heat exchanger which serves as the reboiler for C-101. Inlet process fluid enters at 244°F and leaves at 250°F. It utilizes steam as the utility. The heat duty is 107 MBTU/hr and the total heat transfer area is 2693ft2. The total bare module cost of HXR-101 is $81,597.  
HXC-101 HXC-101 is a shell and tube heat exchanger which serves as the condenser for C-101. Inlet fluid enters at 243°F and leaves at 212°F. It utilizes cooling water as the utility. The heat duty is 86 MBTU/hr and the total heat transfer area is 5319ft2. The total bare module cost of HXC-101 is $131,582.  
PRF-101 PRF-101 is the reflux pump for C-201. It operates with a pressure rise of 100 psia, a flowrate of 670gpm, and supplies 308ft of head. It requires 13 hp and the efficiency is 0.74. It is constructed from cast iron. The total bare module cost of PRF-101 is $18,554.  
PRB-101 PRB-101 is the reboiler pump for C-101. It operates with a pressure rise of 100 psia, a flowrate of 30 gpm, and supplies 30 ft of head. It requires 1.7 hp and the efficiency is 0.36. It is constructed from cast iron. The total bare module cost of PRB-101 is $9,672. 
 
P-102 P-102 is a 3600 RPM, cast iron, centrifugal pump with a discharge pressure of 145 psia and a flowrate of 378 gpm. The pump efficiency is 0.69 and the total work required is 40.5 hp. P-102 
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pressurizes the contents of stream S-117, which after heating are the feed to R-102. The purchase cost of this pump is $4,797 and the bare module cost is $15,830. 
 
HX-104 HX-104 is a carbon steel, countercurrent, shell and tube heat exchanger where the feed to reactor R-102 is the cold stream and the effluent of R-102 is the hot stream. The hot effluent enters through the shell side at 378°F and leaves at 277°F while the cold feed stream enters through the tube side at 247.6°F and leaves at 356°F.  The area required for heat transfer is 2622 ft2, the heat duty is 11.8 MBTU/hr and the bare module cost is $86,873.  
R-102 R-102 is a carbon steel trickle bed reactor where HMF reacts with hydrogen gas to produce DMF. The catalyst, platinum-cobalt nanoparticles, is immobilized on activated carbon, which packs a tubular-like reactor. Hydrogen and the liquid feed (a solution of HMF in butanol) are fed to the reactor in a countercurrent configuration. The unreacted hydrogen is collected at the top of the reactor and immediately recycled back; makeup hydrogen is fed in S-100. R-102 operates at 145 psia and 356°F, the contents of the reactor experience a 22°F temperature increase. The vessel is 4.5 ft in diameter, 18 ft tall and the walls are 0.51 in thick. The bare module cost for R-102 is $93,854.  
HX-105 HX-105 is a carbon steel, countercurrent, shell and tube heat exchanger where cooling water at 90°F is used to cool S-122 from 277°F to 122°F, prior to moving to a purification stage. The area required for heat transfer is 1820 ft2, the heat duty is 26.2 MBTU/hr and the bare module cost is $64,800. 
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C-102 C-102 is a sieve tray distillation column which removes water from DMF. The column has 19 trays with 1.5ft spacing, a total condenser, and a reboiler. The column operates with a molar reflux ratio of 3.95. The feed (stream S-123b) of 143,001 lb/hr enters the column on stage 6. The distillate is removed at a temperature of 207°F and the bottoms is taken off at a temperature of 261°F. The column has a diameter of 15 ft and a height of 44 ft. The total bare module cost of C-102 is $1,293,609. 
 
RA-102 RA-102 is the reflux accumulator for column C-102. It operates at 16psia and 207°F. It is constructed from carbon steel, has a diameter of 7ft, and a height of 14ft. The total bare module cost of RA-102 is $110,980.  
HXR-102 HXR-102 is a shell and tube heat exchanger which serves as the reboiler for C-102. Inlet process fluid enters at 261°F and leaves at 261°F. It utilizes steam as the utility. The heat duty is 96 MBTU/hr and the total heat transfer area is 2565ft2. The total bare module cost of HXR-102 is $79,132.  
HXC-102 HXC-102 is a shell and tube heat exchanger which serves as the condenser for C-102. Inlet fluid enters at 228°F and leaves at 207°F. It utilizes cooling water as the utility. The heat duty is 84 MBTU/hr and the total heat transfer area is 5656ft2. The total bare module cost of HXC-102 is $150,302.  
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PRF-102 PRF-102 is the reflux pump for C-102. It operates with a pressure rise of 100 psia, a flowrate of 659 gpm, and supplies 298ft of head. It requires 38.4 hp and the efficiency is 0.74. It is constructed from cast iron and the total bare module cost of PRF-201 is $18,345.  
PRB-102 PRB-102 is the reboiler pump for C-102. It operates with a pressure rise of 100 psia, a flowrate of 1370 gpm, and supplies 328ft of head. It requires 80hp and the efficiency is 0.79. It is constructed from cast iron. The total bare module cost of PRB-102 is $25,230. 
 
LLE-101 LLE-101 is a liquid-liquid extraction column where hexane is fed in stream S-127 to act as the extracting solvent in order to remove DMF from the butanol-water mixture in stream S-124. The raffinate is virtually all the water coming from R-102. LLE-101 is 4.5 ft in diameter, 26 ft tall and has a wall thickness is 0.44 in. The bare module cost of LLE-101 is $136,731.   
P-103 P-103 is a 3600 RPM, cast iron, centrifugal pump with a discharge pressure of 36.3 psia and a flowrate of 526 gpm. The pump efficiency is 0.72 and the total work required is 9.4 hp. P-103 pressurizes the contents of stream S-129, the feed to distillation column C-103. The purchase cost of this pump is $4,145 and the bare module cost is $15,752.  
C-103 C-103 is a sieve tray distillation column which separates hexane from the rest of the components. The column has 69 trays with 1.5ft spacing, a total condenser, and a reboiler. The column operates 
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with a molar reflux ratio of 2.62. The feed (stream S-130) of 174,874 lb/hr enters the column on stage 50. The distillate is removed at a temperature of 129°F and the bottoms is taken off at a temperature of 275°F. The column has a diameter of 15ft and a height of 119ft. The total bare module cost of C-103 is $3,282,838.  
RA-103 RA-103 is the reflux accumulator for column C-103. It operates at 16psia and 129°F. It is constructed from carbon steel, has a diameter of 9ft, and a height of 18ft. The total bare module cost of RA-103 is $155,660.  
HXR-103 HXR-103 is a shell and tube heat exchanger which serves as the reboiler for C-103. Inlet process fluid enters at 275°F and leaves at 275°F. It utilizes steam as the utility. The heat duty is 89 MBTU/hr and the total heat transfer area is 2551ft2. The total bare module cost of HXR-103 is $78,861.   
HXC-103 HXC-103 is a shell and tube heat exchanger which serves as the condenser for C-103. Inlet fluid enters at 172°F and leaves at 145°F. It utilizes cooling water as the utility. The heat duty is 84 MBTU/hr and the total heat transfer area is 11,703ft2. The total bare module cost of HXC-103 is $186,927.     
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PRF-103 PRF-103 is the reflux pump for C-103. It operates with a pressure rise of 100 psia, a flowrate of 1611gpm, and supplies 359ft of head. It requires 94 hp and the efficiency is 0.80. It is constructed from cast iron. The total bare module cost of PRF-103 is $27,724.  
PRB-103 PRB-103 is the reboiler pump for C-103. It operates with a pressure rise of 100 psia, a flowrate of 1181 gpm, and supplies 334ft of head. It requires 69hp and the efficiency is 0.88. It is constructed from cast iron. The total bare module cost of PRB-103 is $23,700.   
P-104 P-104 is a 3600 RPM, cast iron, centrifugal pump with a discharge pressure of 36.3 psia and a flowrate of 445 gpm. The pump efficiency is 0.7 and the total work required is 7.8 hp. P-104 pressurizes the contents of stream S-131, the distillate of C-103 and the feed to column C-104. The purchase cost of this pump is $3,953 and the bare module cost is $15,020.  
C-104 C-104 is a sieve tray distillation column which removes hexane to increase the concentration of DMF before it proceeds to the next step of the process. The column has 16 trays with 1.5ft spacing, a total condenser, and a reboiler. The column operates with a molar reflux ratio of 0.88. The feed (stream S-133) of 143,336 lb/hr enters the column on stage 13. The distillate is removed at a temperature of 109°F and the bottoms is taken off at a temperature of 185°F. The column has a diameter of 12ft and a height of 40ft. The total bare module cost of C-104 is $901,489.    
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RA-104 RA-104 is the reflux accumulator for column C-104. It operates at 16psia and 109°F. It is constructed from carbon steel, has a diameter of 7ft, and a height of 14ft. The total bare module cost of RA-104 is $110,980.  
HXR-104 HXR-104 is a shell and tube heat exchanger which serves as the reboiler for C-104. Inlet process fluid enters at 180°F and leaves at 185°F. It utilizes steam as the utility. The heat duty is 34 MBTU/hr and the total heat transfer area is 672ft2. The total bare module cost of HXR-104 is $43,858.  
HXC-104 HXC-104 is a shell and tube heat exchanger which serves as the condenser for C-104. Inlet fluid enters at 167°F and leaves at 124°F. It utilizes cooling water as the utility. The heat duty is 34 MBTU/hr and the total heat transfer area is 5237ft2. The total bare module cost of HXC-104 is $130,022.  
PRF-104 PRF-104 is the reflux pump for C-104. It operates with a pressure rise of 100 psia, a flowrate of 610gpm, and supplies 361ft of head. It requires 35.5 hp and the efficiency is 0.73. It is constructed from cast iron. The total bare module cost of PRF-201 is $18,456. 
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PRB-104 PRB-104 is the reboiler pump for C-104. It operates with a pressure rise of 100 psia, a flowrate of 846 gpm, and supplies 355ft of head. It requires 49hp and the efficiency is 0.76. It is constructed from cast iron. The total bare module cost of PRB-104 is $20,877.   
 
IE-101 IE-101 is a carbon steel ion-exchange column where most of the levulinic acid in the system is removed by a resin. The ion exchanger operates at 261°F and atmospheric pressure. The column is modeled as a tower of diameter of 2.2 ft, height of 8.9 ft and wall thickness of 0.375 in. The bare module cost of IE-101 is $79,805.  
R-103 R-103 is a carbon steel reaction vessel that operates at ambient conditions. Formic acid which remains in the system as a byproduct from the reaction in R-101 is decomposed into hydrogen gas and carbon dioxide in R-103. Palladium nickel nanoparticles are the catalyst for R-103 and the gas product exists in S-115. The reactor is 9 ft in diameter, 36 ft tall and has a wall thickness of 0.56 in. The total bare module factor for R-103 is $214,921.  
Section 200 
R-201 R-201 is a fixed bed reactor in which liquid DMF reacts with compressed ethylene to form paraxylene with hexane as the solvent. The reactor is pressurized to 900psia and therefore has a wall thickness of 4.051 in. The reactor has a diameter of 9 ft. and a length of 18ft. It is constructed from carbon steel. The reactor is packed with H-BETA zeolite catalyst (Si/Al=12.5), based on enhanced paraxylene selectivity presented in the literature [citation]. The reactor is split into two 
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sections with intercooling in order to maintain a maximum adiabatic heat rise of 212°F. The intercooling heat exchanger is modeled as HX-201 and the exothermic heat is used on the shell side of HX-201 to heat the DMF-hexane feed, S-202. Assuming that the catalyst deactivation and regeneration occurs in the same amount of time (24 hrs), two sets of reactors will be needed. The total bare module cost of all four reactor sections is $1,370,932. 
 
HX-201 HX-201 is a carbon steel, shell and tube, countercurrent heat exchanger which utilizes the exothermic reaction heat from the reaction of DMF with ethylene to heat the feed stream into the reactor. The hot effluent enters through the shell side at 662°F and leaves at 402°F while the cold feed stream enters through the tube side at 196°F and leaves at 482°F. The heat duty is 10.1 MBTU/hr and the total heat transfer area is 365 ft2. The total bare module cost of HX-201 is $36,710.  
HX-202 HX-202 is a carbon steel, countercurrent, shell and tube heat exchanger which utilizes cooling water to further cool the liquid product (S-206) from R-201 before it enters into the decanter, D-201. It takes S-206 at 402°F and cools it to 104°F (stream S-207) on the tube side; cooling water on the shell side enters at 90°F and leaves at 212°F. It is constructed from carbon steel; the heat duty is 12.6 MBTU/hr and the total heat transfer area is 1214ft2. The total bare module cost of HX-202 is $52,545.  
D-201 D-201 is a decanter which separates the organic components (paraxylene, unreacted DMF, and other side products) from water. 43314lb/hr of cooled products enter through stream S-208. The 
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decanter removes 2391lb/hr of water (stream S-209) from 40922 lb/hr of organic products (S-210). It is constructed from carbon steel, has a diameter of 5ft, and a length of 17ft. The bare module cost of D-201 is $90,689.  
C-201 C-201 is a sieve tray distillation column which separates hexane from the rest of the components. The column has 20 trays with 1.5ft spacing, a total condenser, and a reboiler. The column operates with a molar reflux ratio of 0.76. The feed (stream S-210) of 40922 lb/hr enters the column on stage 9. The distillate is removed at a temperature of 144°F and the bottoms is taken off at a temperature of 309°F. The column has a diameter of 7ft and a height of 45.5ft. The total bare module cost of C-201is $526,393.  
RA-201A RA-201A is the reflux accumulator for column C-201. It operates at 16psia and 144°F. It is constructed from carbon steel, has a diameter of 4ft, and a height of 8ft. The total bare module cost of RA-202 is $59,025.  
HXR-201 HXR-201 is a shell and tube heat exchanger which serves as the reboiler for C-201. Inlet process fluid enters at 306°F and leaves at 309.2°F. It utilizes steam as the utility. The heat duty is 1MBTU/hr and the total heat transfer area is 365ft2. The total bare module cost of HXR-201 is $34,035.  
 
 
40 
 
HXC-201 HXC-201 is a shell and tube heat exchanger which serves as the condenser for C-201. Inlet fluid enters at 169°F and leaves at 144°F. It utilizes cooling water as the utility. The heat duty is 7.3 MBTU/hr and the total heat transfer area is 1048ft2. The total bare module cost of HXC-201 is $48,931.  
PRF-201 PRF-201 is the reflux pump for C-201. It operates with a pressure rise of 100 psia, a flowrate of 150gpm, and supplies 371ft of head. It requires 8.8 hp and the efficiency is 0.59. It is constructed from cast iron. The total bare module cost of PRF-201 is $12,219.  
PRB-201 PRB-201 is the reboiler pump for C-201. It operates with a pressure rise of 100 psia, a flowrate of  239 gpm, and supplies 312ft of head. It requires 13.9hp and the efficiency is 0.64. It is constructed from cast iron. The total bare module cost of PRB-201 is $13,398.  
C-202 C-202 is a sieve tray distillation column which separates paraxylene from heavier side products. The column has 37 trays with 1.5ft spacing, a total condenser, and a reboiler. The column operates with a molar reflux ratio of 1.5. The feed (stream S-212) of 14322 lb/hr enters the column on stage 20. The distillate is removed at a temperature of 287°F and the bottoms is taken off at a temperature of 401°F. The column has a diameter of 15ft and a height of 44 ft. The total bare module cost of C-202 is $377,521.  
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RA-202 RA-202 is the reflux accumulator for column C-202. It operates at 16psia and 287°F. It is constructed from carbon steel, has a diameter of 4ft, and a height of 8ft. The total bare module cost of RA-202 is $59,025.  
HXR-202 HXR-202 is a shell and tube heat exchanger which serves as the reboiler for C-202. Inlet process fluid enters at 399°F and leaves at 401°F. It utilizes steam as the utility. The heat duty is 4.7MBTU/hr and the total heat transfer area is 366ft2. The total bare module cost of HXR-202 is $34,035.  
HXC-202 HXC-202 is a shell and tube heat exchanger which serves as the condenser for C-202. Inlet fluid enters at 296°F and leaves at 287°F. It utilizes cooling water as the utility. The heat duty is 4.8 MBTU/hr and the total heat transfer area is 189ft2. The total bare module cost of HXC-202 is $30,295.  
PRF-202 PRF-202 is the reflux pump for C-202. It operates with a pressure rise of 100 psia, a flowrate of 86gpm, and supplies 306ft of head. It 5.02 hp and the efficiency is 0.52. It is constructed from cast iron. The total bare module cost of PRF-202 is $10,784. 
PRB-202 PRB-202 is the reboiler pump for C-202. It operates with a pressure rise of 100 psia, a flowrate of 107 gpm, and supplies 326ft of head. It requires 6.3hp and the efficiency is 0.55. It is constructed from cast iron. The total bare module cost of PRB-202 is $11,258. 
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5.2 Equipment Specification Sheets 
Section 100 
 
 
Identification Item Pump
Item No. P-101
No. required 5
Function Pressurizes feed to R-101Pressure rise (psi) 261.1Flow rate (gpm) 2003Fluid head (ft) 795Construction material cast ironType centrifugalPower (hp) 795.9Pump efficiency 0.82
Purchase cost 7,902.00$                           
Total bare module cost 88,506.00$                        
Operation
Design Data
Identification Item Heat exchanger
Item No. HX-101
No. required 1
Function
Heat the feed to R-101 and cool 
Operation
Inlet OutletTubeStream S-104 S-105Temperature (F) 198.7 338ShellStream S-107 S-108Temperature (F) 356 216.68
Design DataConstruction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 205.6U (Btu/hr ft2 F) 132.2LMTD 139.3Area (ft2) 11163Length (ft) 20
Purchase cost $77,500
Total bare module cost $249,002
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Identification Item Heat exchanger
Item No. HX-102
No. required 1
Function
Inlet OutletTubeStream S-105 S-106Temperature (F) 338 356ShellUtility Steam SteamTemperature (F) 473 473Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 27.4U (Btu/hr ft2 F) 176.2LMTD 125.8Area (ft2) 1236Length (ft) 20
Purchase cost $16,667
Total bare module cost $53,476
Trim heater for the feed to R-101
Operation
Design Data
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 Identification Item Reactor
Item No. R-101
No. required 1
Function Reaction of Glucose to produce HMF
Feed Effluent
Stream S-106 S-107
Quantity (lb/hr) 1699940 169994
Temperature (°F) 356 356
Pressure (psi) 276 276
Compositionglucose 0.02 0.01water 0.13 0.13butanol 0.77 0.77sodium chloride 0.07 0.07hydrochloric acid trace traceHMF 0 0.01DMF trace tracelevulinic acid 0 traceformic acid 0 0
Construction material carbon steelWeight (lb) 119329Diameter (ft) 13Height (ft) 26Wall thickness (in) 1.942Catalyst Sn Beta HClCatalyst life 1 month
Purchase cost 122,372.00$            
Total bare module cost 1,001,530.00$         
Design Data
Operation
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 Identification Item Heat exchanger
Item No. HX-103
No. required 1
Function
Inlet OutletTubeStream S-108 S-109Temperature (F) 216.7 122ShellUtility Cooling water cooling waterTemperature (F) 90 100Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 137.4U (Btu/hr ft2 F) 176.2LMTD 65.5Area (ft2) 11913Length (ft) 20
Purchase cost $82,287
Total bare module cost $264,027
Trim cooler for effluent from R-101
Operation
Design Data
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 Identification Item Decanter
Item No. D-101
No. required 1
Function Separates the aqueous and organic phases from R-101
Feed Aqueous Phase Organic phase
Stream S-109b S-110 S-113
Quantity (lb/hr) 1699940 256976 1442970
Temperature (°F) 122 122 122
Pressure (psi) 29 29 29
Compositionglucose 0.005 0.034 0water 0.134 0.486 0.071butanol 0.775 0.005 0.912sodium chloride 0.071 0.467 0hydrochloric acid 0.001 0.005 0HMF 0.011 0.002 0.013DMF 0.003 trace 0.004levulinic acid trace 0 traceformic acid trace 0 trace
Construction material carbon steelWeight (lb) 78561Diameter (ft) 14.3Length (ft) 57Wall thickness (in) 0.625
Purchase cost 141,296.00$       
Total bare module cost 430,953.00$       
Operation
Design Data
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 Identification Item Heat exchanger
Item No. HX-106
No. required 1
Function
Inlet OutletTubeStream S-112a S-112bTemperature (F) 122 139.5ShellStream S-112e S-112fTemperature (F) 345.2 212Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 10.4U (Btu/hr ft2 F) 132.2LMTD 140Area (ft2) 561Length (ft) 20
Purchase cost $12,118
Total bare module cost $38,415
Operation
Design Data
Heat the recycled aqueous phase to be fed into F-101.
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 Identification Item Heat exchanger
Item No. HX-107
No. required 1
Function
Inlet OutletTubeStream S-112b S-112cTemperature (F) 139.5 345.2ShellUtility Steam SteamTemperature (F) 473 473Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 122.6U (Btu/hr ft2 F) 176.2LMTD 214.5Area (ft2) 3244Length (ft) 20
Purchase cost $29,069
Total bare module cost $92,149
Operation
Design Data
Trim heater for the feed to F-101
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 Identification Item Flash
Item No. F-101
No. required 1
Function
Feed Top effluent Bottom effluent
Stream S-112c S-112d S-112e
Quantity (lb/hr) 231279 104797 126481
Temperature (°F) 345 345 345
Pressure (psi) 29 29 29
Compositionglucose 0.034 0 0.063water 0.486 0.977 0.08butanol 0.005 0.01 0.001sodium chloride 0.467 0 0.854hydrochloric acid 0.005 0.012 0HMF 0.002 trace 0.003DMF trace 0.001 tracelevulinic acid trace 0 0formic acid 0 0 0
Construction material carbon steelWeight (lb) 45291Diameter (ft) 14Height (ft) 29Wall thickness (in) 0.625
Purchase cost 137,770.00$        
Total bare module cost 573,120.00$        
Design Data
Remove a slurry of solids from the aqueous recycle
Operation
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 Identification Item Distillation column
Item No. C-101
No. required 5
Function Remove water and butanol to concentrate HMF
Feed Liquid Distillate Bottoms
Stream S-113 S-114 S-117
Quantity (lb/hr) 764726.67 755246.67 9480
Temperature (F) 77 211 249
Compositionglucose 0 0 0water 0.256 0.258 0.066butanol 0.741 0.740 0.853NaCl 0 0 0HCl 1.9 ppm 1.9 ppm tracelevulinic acid 13 ppm trace 0.001formic acid 1.28E-05 1.28E-05 10 ppmhydroxymethylfurfural 7.43E-04 trace 0.0743069H2 0 0 0CO2                     0 0 02,5-dimethylfuran 2.56E-03 2.57E-03 1.66E-03hexane trace trace 8.73E-14Na+                     1.77E-05 trace traceH+                      2.29E-08 1.40E-10 1.98E-15Cl-                     1.78E-05 1.40E-10 1.77E-03Number of trays 9Tray type sieveMaterial of construction carbon steelDiameter (ft) 18Height (ft) 29Tray spacing (ft) 1.5Feed stage 10Molar reflux ratio 0.0459
Purcase cost 321,470.00$            
Total bare module cost 1,377,315.00$         
Associated componentsReflux accumulator RA-101Reboiler HXR-101Condenser HXC-101Reflux pump PRF-101Reboiler pump PRB-101
Operation
Design Data
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 Identification Item Reflux accumulator for C-101
Item No. RA-101
No. required 5
Function Holding vessel for reflux Pressure (psi) 16Temperature (°F) 211Construction material carbon steelWeight (lb) 2172Diameter (ft) 4Length (ft) 8
Purchase cost 19,353.00$               
Total bare module cost 59,025.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXR-101
No. required 5
Function Reboiler for C-101
Inlet OutletTubeStream - -Temperature (°F) 244 250ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 107U (Btu/hr ft2 F) 176.2LMTD 226Area (ft2) 2693Length (ft) 20
Purchase cost 25,741.00$               
Total bare module cost 81,597.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-101
No. required 5
Function Condenser for C-101
Inlet OutletTubeStream - -Temperature (°F) 243 212ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 86U (Btu/hr ft2 F) 132LMTD 122Area (ft2) 5319Length (ft) 20
Purchase cost 41,508.00$               
Total bare module cost 131,582.00$            
Operation
Design Data
Identification Item Pump
Item No. PRF-101
No. required 5
Function Reflux pump for C-101Pressure rise (psi) 100Flow rate (gpm) 670Fluid head (ft) 308Construction material cast ironType centrifugalPower (hp) 13Pump efficiency 0.74
Purchase cost 5,622.00$                  
Total bare module cost 18,554.00$               
Operation
Design Data
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Identification Item Pump
Item No. PRB-101
No. required 5
Function Reboiler pump for C-101Pressure rise (psi) 100Flow rate (gpm) 30Fluid head (ft) 308Construction material cast ironType centrifugalPower (hp) 1.7Pump efficiency 0.36
Purchase cost 2,930.00$                  
Total bare module cost 9,672.00$                  
Operation
Design Data
Identification Item Pump
Item No. P-102
No. required 1
Function Pressurizes feed to R-102
OperationPressure rise (psi) 126.15Flow rate (gpm) 378Fluid head (ft) 387
Design DataConstruction material cast ironType centrifugalPower (hp) 40.5Pump efficiency 0.69
Purchase cost 4,797.00$                           
Total bare module cost 15,830.00$                        
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 Identification Item Heat exchanger
Item No. HX-104
No. required 1
Function
Inlet OutletTubeStream S-118 S-119Temperature (F) 247.6 356ShellStream S-121 S-122Temperature (F) 378 277Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 11.8U (Btu/hr ft2 F) 176.2LMTD 25.5Area (ft2) 2622Length (ft) 8
Purchase cost $25,309
Total bare module cost $86,873
Heat feed to R-102 using the hot effluent from the same reactor. 
Operation
Design Data
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 Identification Item Reactor
Item No. R-102
No. required 2
Function Reaction of HMF and hydrogen to make DMF 
Gas feed Liquid feed Gas effluent Liquid effluent
Stream S-100 S-119 S-120 S-121
Quantity (lb/hr) 889 142160 32 143017
Temperature (°F) 77 356 378 378
Pressure (psi) 145 145 145 145
Compositionglucose 0 0 0 0water 0 0.02 0 0.05butanol 0 0.85 0 0.85sodium chloride 0 0 0 0hydrochloric acid 0 0 0 0HMF 0 0.13 0 0.01DMF 0 trace 0 0.09levulinic acid 0 trace 0 traceformic acid 0 0 0 tracehydrogen gas 1 0 1 0Construction material carbon steelWeight (lb) 6404Diameter (ft) 4.5Height (ft) 18Wall thickness (in) 0.51Catalyst Platinum-cobalt on activated carbonCatalyst life 1 day
Purchase cost 30,772.00$        
Total bare module cost 93,854.00$        
Operation
Design Data
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Identification Item Heat exchangerItem No. HX-105No. required 1
Function
Inlet OutletTubeStream S-122 S-123Temperature (F) 277 122ShellUtility Coolilng water Cooling waterTemperature (F) 90 110Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 26.2U (Btu/hr ft2 F) 176.2LMTD 81.7Area (ft2) 1820Length (ft) 20
Purchase cost $20,377
Total bare module cost $64,800
Operation
Design Data
Trim cooler for R-102's effluent. 
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Identification Item Distillation column
Item No. C-102
No. required 1
Function Remove water to purify DMF stream
Feed Liquid Distillate Bottoms
Stream S-123b S-124 S-125
Quantity (lb/hr) 143001.00 51593.50 91407.50
Temperature (F) 122 207 261
Compositionglucose 0 0 0water 0.182 trace 0.415butanol 0.748 0.987 0.440NaCl 0 0 0HCl 542ppb trace 1.23ppmlevulinic acid 0.001 0.002 0formic acid 8.7ppm 311ppb 2 ppmhydroxymethylfurfural 0.003 0.006 0H2 0 0 0CO2                     0 0 02,5-dimethylfuran 0.063 156ppm 0.145hexane trace trace traceNa+                     0.002 0.003 traceH+                      trace 0 11.6ppbCl-                     0.002 0.003 11.6ppbNumber of trays 19Tray type sieveMaterial of construction carbon steelDiameter (ft) 15Height (ft) 44Tray spacing (ft) 1.5Feed stage 6Molar reflux ratio 3.95
Purcase cost 310,964.00$            
Total bare module cost 1,293,609.00$         
Associated componentsReflux accumulator RA-102Reboiler HXR-102Condenser HXC-102Reflux pump PRF-102Reboiler pump PRB-102
Operation
Design Data
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Identification Item Reflux accumulator for C-102
Item No. RA-102
No. required 1
Function Holding vessel for reflux Pressure (psi) 16Temperature (°F) 207Construction material carbon steelWeight (lb) 8853Diameter (ft) 7Length (ft) 14
Purchase cost 36,287.00$               
Total bare module cost 110,980.00$            
Operation
Design Data
Identification Item Heat exchanger
Item No. HXR-102
No. required 1
Function Reboiler for C-102
Inlet OutletTubeStream - -Temperature (°F) 261 261ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 96U (Btu/hr ft2 F) 176.2LMTD 212Area (ft2) 2565Length (ft) 20
Purchase cost 24,962.64$               
Total bare module cost 79,132.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-102
No. required 1
Function Condenser for C-102
Inlet OutletTubeStream - -Temperature (°F) 228 207ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 84U (Btu/hr ft2 F) 132.2LMTD 101Area (ft2) 5656Length (ft) 20
Purchase cost 47,413.00$               
Total bare module cost 150,302.00$            
Operation
Design Data
Identification Item Pump
Item No. PRF-101
No. required 1
Function Reflux pump for C-102Pressure rise (psi) 100Flow rate (gpm) 659Fluid head (ft) 298Construction material cast ironType centrifugalPower (hp) 38.4Pump efficiency 0.74
Purchase cost 5,559.00$                  
Total bare module cost 18,345.00$               
Operation
Design Data
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Identification Item Pump
Item No. PRB-102
No. required 1
Function Reboiler pump for C-102Pressure rise (psi) 100Flow rate (gpm) 1370Fluid head (ft) 328Construction material cast ironType centrifugalPower (hp) 80Pump efficiency 0.79
Purchase cost 7,646.00$                  
Total bare module cost 25,230.00$               
Operation
Design Data
Identification Item Liquid-liquid extractor
Item No. LLE-101
No. required 1
Function
Feed Extracting solvent Extract Raffinate
Stream S-124 S-127 S-129 S-128
Quantity (lb/hr) 51582 133556 177980 7159
Temperature (°F) 207 114 132 132
Pressure (psi) 16 14.7 14.7 14.7
Compositionwater 0.14 0.002 0.002 0.999butanol 0.6 0 0.175 0HMF 0 0 0 0DMF 0.26 0.004 0.077 0levulinic acid 0 0 0 0.001formic acid 0 0 0 0hexane 0 0.994 0.746 0Construction material carbon steelWeight (lb) 7536Diameter (ft) 4.5Height (ft) 26Wall thickness (in) 0.44
Purchase cost 32,868.00$         
Total bare module cost 136,731.00$       
Operation
Design Data
Extracts DMF from water using hexane as the extracting solvent
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Identification Item Pump
Item No. P-103
No. required 1
Function Pressurizes feed to C-103Pressure rise (psi) 21Flow rate (gpm) 526Fluid head (ft) 75Construction material cast ironType centrifugalPower (hp) 9.4Pump efficiency 0.72
Purchase cost 4,145.00$                           
Total bare module cost 15,752.00$                        
Operation
Design Data
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Identification Item Distillation column
Item No. C-103
No. required 1
Function Removes butanol from DMF and hexane
Feed Liquid Distillate Bottoms
Stream S-130 S-131 S-132
Quantity (lb/hr) 174873.00 143336.00 31537.00
Temperature (F) 131.5 129 275
Compositionglucose 0 0 0water 0.030 0.037 3.5ppbbutanol 0.198 15.3ppb 0.991NaCl 0 0 0HCl 0 0 0levulinic acid 0 0 0formic acid 8.8ppm 2.2ppb 44ppmhydroxymethylfurfural 0 0 0H2 0 0 0CO2                     0 0 02,5-dimethylfuran 0.067 0.081 0.009hexane 0.705 0.882 traceNa+                     0 0 0H+                      0 0 0Cl-                     0 0 0Number of trays 69Tray type sieveMaterial of construction carbon steelDiameter (ft) 15Height (ft) 119Tray spacing (ft) 1.5Feed stage 50Molar reflux ratio 2.62
Purcase cost 789,144.00$            
Total bare module cost 3,282,838.00$         
Associated componentsReflux accumulator RA-103Reboiler HXR-103Condenser HXC-103Reflux pump PRF-103Reboiler pump PRB-103
Operation
Design Data
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 Identification Item Reflux accumulator for C-103
Item No. RA-103
No. required 1
Function Holding vessel for reflux Pressure (psi) 16Temperature (°F) 129Construction material carbon steelWeight (lb) 16451Diameter (ft) 9Length (ft) 18
Purchase cost 51,036.00$               
Total bare module cost 155,660.00$            
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-103
No. required 1
Function Reboiler for C-103
Inlet OutletTubeStream - -Temperature (°F) 275 275ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 89U (Btu/hr ft2 F) 176.2LMTD 198Area (ft2) 2551Length (ft) 20
Purchase cost 24,877.00$               
Total bare module cost 78,861.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-103
No. required 1
Function Condenser for C-103
Inlet OutletTubeStream - -Temperature (°F) 172 145ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 84U (Btu/hr ft2 F) 132.2LMTD 54Area (ft2) 11703Length (ft) 20
Purchase cost 58,967.00$               
Total bare module cost 186,927.00$            
Operation
Design Data
Identification Item Pump
Item No. PRF-103
No. required 1
Function Reflux pump for C-103Pressure rise (psi) 100Flow rate (gpm) 1611Fluid head (ft) 359Construction material cast ironType centrifugalPower (hp) 94Pump efficiency 0.8
Purchase cost 8,401.00$                  
Total bare module cost 27,724.00$               
Operation
Design Data
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 Identification Item Pump
Item No. PRB-103
No. required 1
Function Reboiler pump for C-103Pressure rise (psi) 100Flow rate (gpm) 1181Fluid head (ft) 334Construction material cast ironType centrifugalPower (hp) 69Pump efficiency 0.88
Purchase cost 7,179.00$                  
Total bare module cost 23,700.00$               
Operation
Design Data
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Identification Item Pump
Item No. P-104
No. required 1
Function Pressurizes feed to C-104Pressure rise (psi) 20.3Flow rate (gpm) 445Fluid head (ft) 73Construction material cast ironType centrifugalPower (hp) 7.8Pump efficiency 0.7
Purchase cost 3,953.00$                           
Total bare module cost 15,020.00$                        
Operation
Design Data
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Identification Item Distillation column
Item No. C-104
No. required 1
Function Removes hexane and concentrates DMF
Feed Liquid Distillate Bottoms
Stream S-133 S-134 S-135
Quantity (lb/hr) 143336.00 103973.00 39363.00
Temperature (F) 129 109 185
Compositionglucose 0 0 0water 0.037 0.050 3.2ppbbutanol 15.3ppb 16.8ppb 11ppbNaCl 0 0 0HCl 0 0 0levulinic acid 0 0 0formic acid 2.2ppb trace 8.2ppbhydroxymethylfurfural 0 0 0H2 0 0 0CO2                     0 0 02,5-dimethylfuran 0.081 0.003 0.304hexane 0.882 0.947 0.696Na+                     0 0 0H+                      0 0 0Cl-                     0 0 0Number of trays 16Tray type sieveMaterial of construction carbon steelDiameter (ft) 12Height (ft) 40Tray spacing (ft) 1.5Feed stage 13Molar reflux ratio 0.88
Purcase cost 216,704.00$            
Total bare module cost 901,489.00$            
Associated componentsReflux accumulator RA-104Reboiler HXR-104Condenser HXC-104Reflux pump PRF-104Reboiler pump PRB-104
Operation
Design Data
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 Identification Item Reflux accumulator for C-104
Item No. RA-104
No. required 1
Function Holding vessel for reflux Pressure (psi) 16Temperature (°F) 109Construction material carbon steelWeight (lb) 8853Diameter (ft) 7Length (ft) 14
Purchase cost 36,387.00$               
Total bare module cost 110,980.00$            
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXR-104
No. required 1
Function Reboiler for C-104
Inlet OutletTubeStream - -Temperature (°F) 180 185ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 34U (Btu/hr ft2 F) 176.2LMTD 290Area (ft2) 672Length (ft) 20
Purchase cost 12,824.00$               
Total bare module cost 43,858.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-104
No. required 1
Function Condenser for C-201
Inlet OutletTubeStream - -Temperature (°F) 167 124ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 34U (Btu/hr ft2 F) 132.2LMTD 48Area (ft2) 5237Length (ft) 20
Purchase cost 41,016.00$               
Total bare module cost 130,022.00$            
Operation
Design Data
Identification Item Pump
Item No. PRF-104
No. required 1
Function Reflux pump for C-104Pressure rise (psi) 100Flow rate (gpm) 610Fluid head (ft) 361Construction material cast ironType centrifugalPower (hp) 35.5Pump efficiency 0.73
Purchase cost 5,593.00$                  
Total bare module cost 18,456.00$               
Operation
Design Data
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Identification Item Pump
Item No. PRB-104
No. required 1
Function Reboiler pump for C-104Pressure rise (psi) 100Flow rate (gpm) 846Fluid head (ft) 355Construction material cast ironType centrifugalPower (hp) 49Pump efficiency 0.76
Purchase cost 6,326.00$                  
Total bare module cost 20,877.00$               
Operation
Design Data
Identification Item Ion Exchange column
Item No. IE-101
No. required 1
Function Removal of Levulinic acid from the system
Stream S-125 S-136 S-137
Quantity (lb/hr) 91396.00 282.00 91114.00
Temperature (F) 261.3 261.3 261.3Material of construction carbon steelWeight (lb) 1144Diameter (ft) 2.2Height (ft) 8.9Wall thickness (in) 0.375
Purcase cost 19,184.00$          
Total bare module cost 79,805.00$          
Operation
Design Data
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 Identification Item Reactor
Item No. R-103
No. required 1
Function Decomposes formic acid into H2 and CO2
Liquid feed Gas effluent Liquid effluent
Stream S-114 S-115 S-116
Quantity (lb/hr) 1300810 104 1300700
Temperature (°F) 212 212 212
Pressure (psi) 16 16 16
Compositionglucose 0 0 0water 0.08 0 0.08butanol 0.92 0 0.92CO2 0 0.96 0H2 0 0.04 0HMF 0 0 0DMF trace 0 tracelevulinic acid 0 0 0formic acid trace 0 0
Construction material carbon steelWeight (lb) 28201Diameter (ft) 9Height (ft) 36Wall thickness (in) 0.56Catalyst Palladium on nickelCatalyst life 1 month
Purchase cost 70,466.00$      
Total bare module cost 214,921.00$    
Design Data
Operation
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Identification Item Pump
Item No. P-105
No. required 1
Function Pressurizing the effluent of R-103Pressure rise (psi) 13Flow rate (gpm) 3460Fluid head (ft) 40Construction material cast ironType centrifugalPower (hp) 31.2Pump efficiency 0.84
Purchase cost 7,225.00$                           
Total bare module cost 31,066.00$                        
Operation
Design Data
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Section 200 
 
Identification Item Reactor
Item No. R-201
No. required 4
Function Reacts DMF with ethylene in hexane to produce paraxylene
Gas feed Liquid feed Gas effluent Liquid effluent
Stream S-201 S-203 S-205 S-204
Quantity (lb/hr) 4409 39364 459 43314
Temperature (°F) 690.6 482 662 662
Pressure (psi) 899 899 899 899
Composition  paraxylene 0 0 0 0.3002,5-hexanedione 0 0 0 0.004water 0 0 0 0.054ethylene 1 0 1 02,5-dimethylfuran 0 0.328 0 0.0031-ethyl-2,4-dimethylbenzene 0 0 0 0.029hexane 0 0.672 0 0.611Construction material carbon steelWeight (lb) 57238Diameter (ft) 7Length (ft) 14Wall thickness (in) 3.2Catalyst H-BETA zeoliteCatalyst life 1 day
Purchase cost 122,372.00$            
Total bare module cost 342,733.00$            
Operation
Design Data
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Identification Item Heat exchanger
Item No. HX-201
No. required 1
Function Effluent-feed heat exchanger
Inlet OutletTubeStream S-202 S-203Temperature (°F) 196 482Pressure (psia) 889 889ShellStream S-204 S-206Temperature (°F) 662 402Pressure (psia) 889 889Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 10.1U (Btu/hr ft2 F) 149.7LMTD 193Area (ft2) 356Length (ft) 20
Purchase cost 10,664.00$               
Total bare module cost 36,710.00$               
Operation
Design Data
78 
 
 Identification Item Heat exchanger
Item No. HX-202
No. required 1
Function Cool stream prior to decanter 
Inlet OutletTubeStream S-206 S-207Temperature (°F) 402 104Pressure (psia) 899 899ShellStream - -Temperature (°F) 90 212Pressure (psia) 0 0Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 12.6U (Btu/hr ft2 F) 150LMTD 69Area (ft2) 1214Length (ft) 20
Purchase cost 16,576.00$               
Total bare module cost 52,545.00$               
Operation
Design Data
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 Identification Item Decanter
Item No. D-201
No. required 1
Function Decanter to remove water from organics
Feed Liquid 1 Liquid 2
Stream S-208 S-209 S-210
Quantity (lb/hr) 43314 2391 40922
Temperature (°F) 113 113 113
Pressure (psia) 30 30 30
Compositionparaxylene 0.300 0.000 0.3182,5-hexanedione 0.004 0.013 0.003water 0.054 0.973 474ppmethylene 0 0 02,5-dimethylfuran 0.003 0.014 0.0021-ethyl-2,4-dimethylbenzene 0.029 trace 0.030hexane 0.611 53ppm 0.646Construction material carbon steelWeight (lb) 4793Diameter (ft) 5Length (ft) 17
Purchase cost 29,734.00$               
Total bare module cost 90,689.00$               
Operation
Design Data
80 
 
Identification Item Distillation column
Item No. C-201
No. required 1
Function Separate hexane from paraxylene and heavier components
Feed Liquid Distillate Bottoms
Stream S-210 S-211 S-212
Quantity (lb/hr) 40922 26600 14322
Temperature (F) 113 144.4 309.3
Compositionparaxylene 0.318 0.001 0.9052,5-hexanedione 0.003 4.37 ppb 0.008water 476 ppm 733 ppm traceethylene 0 0 02,5-dimethylfuran 0.002 0.004 85.9 ppb1-ethyl-2,4-dimethylbenzene 0.030 trace 0.086hexane 0.646 0.995 170 ppbNumber of trays 20Tray type sieveMaterial of construction carbon steelDiameter (ft) 7Height (ft) 45.5Tray spacing (ft) 1.5Feed stage 9Molar reflux ratio 0.76
Purcase cost 126,537.00$            
Total bare module cost 526,393.00$            
Associated componentsReflux accumulator RA-201Reboiler HXR-201Condenser HXC-201Reflux pump PRF-201Reboiler pump PRB-201
Operation
Design Data
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 Identification Item Reflux accumulator for C-201
Item No. RA-201
No. required 1
Function Holding vessel for reflux Pressure (psia) 16Temperature (°F) 144Construction material carbon steelWeight (lb) 2172Diameter (ft) 4Length (ft) 8
Purchase cost 19,353.00$               
Total bare module cost 59,025.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXR-201
No. required 1
Function Reboiler for C-201
Inlet OutletTubeStream - -Temperature (°F) 306 309.2ShellStream - -Temperature (°F) - -Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 1.06U (Btu/hr ft2 °F) 177.2LMTD 163.8Area (ft2) 365Length (ft) 20
Purchase cost 10,736.00$               
Total bare module cost 34,035.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-201
No. required 1
Function Condenser for C-201
Inlet OutletTubeStream - -Temperature (°F) 169 144ShellStream - -Temperature (°F)Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 7.3U (Btu/hr ft2 °F) 135.2LMTD 51Area (ft2) 1048Length (ft) 20
Purchase cost 15,436.00$                   
Total bare module cost 48,931.00$                   
Operation
Design Data
Identification Item Pump
Item No. PRF-201
No. required 1
Function Reflux pump for C-201Pressure rise (psi) 100Flow rate (gpm) 150Fluid head (ft) 371Construction material cast ironType centrifugalPower (hp) 8.8Pump efficiency 0.59
Purchase cost 3,702.66$                  
Total bare module cost 12,219.00$               
Operation
Design Data
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Identification Item Pump
Item No. PRB-201
No. required 1
Function Reboiler pump for C-201Pressure rise (psi) 100Flow rate (gpm) 239Fluid head (ft) 312Construction material cast ironType centrifugalPower (hp) 13.9Pump efficiency 0.64
Purchase cost 4,060.00$                  
Total bare module cost 13,398.00$               
Operation
Design Data
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Identification Item Distillation column
Item No. C-202
No. required 1
Function Separate paraxylene from other heavier side products
Feed Liquid Distillate Bottoms
Stream S-212 S-213 S-214
Quantity (lb/hr) 14322 12962 1360
Temperature (F) 309 287 401
Compositionparaxylene 0.905 1.000 0.0032,5-hexanedione 0.008 69 ppm 0.088water trace 0 0ethylene 0 0 02,5-dimethylfuran 85.9 ppb 95 ppb trace1-ethyl-2,4-dimethylbenzene 0.086 2 ppb 0.909hexane 170 ppb 187 ppb traceNumber of trays 37Tray type sieveMaterial of construction carbon steelDiameter (ft) 15Height (ft) 44Tray spacing (ft) 1.5Feed stage 20Molar reflux ratio 1.5
Purcase cost 90,750.00$               
Total bare module cost 377,521.00$            
Associated componentsReflux accumulator RA-202Reboiler HXR-202Condenser HXC-202Reflux pump PRF-202Reboiler pump PRB-202
Operation
Design Data
86 
 
 Identification Item Reflux accumulator for C-202
Item No. RA-202
No. required 1
Function Holding vessel for reflux Pressure (psia) 16Temperature (°F) 287Construction material carbon steelWeight (lb) 2172Diameter (ft) 4Length (ft) 8
Purchase cost 19,353.00$               
Total bare module cost 59,025.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXR-202
No. required 1
Function Reboiler for C-202
Inlet OutletTubeStream - -Temperature (°F) 399 401ShellStream - -Temperature (°F)Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 4.7U (Btu/hr ft2 °F) 176.2LMTD 72Area (ft2) 366Length (ft) 20
Purchase cost 10,736.00$               
Total bare module cost 34,035.00$               
Operation
Design Data
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Identification Item Heat exchanger
Item No. HXC-202
No. required 1
Function Condenser for C-202
Inlet OutletTubeStream - -Temperature (°F) 296 287ShellStream - -Temperature (°F)Construction material carbon steelFlow direction countercurrentHeat duty (MBTU/hr) 4.8U (Btu/hr ft2 °F) 135.2LMTD 186Area (ft2) 189Length (ft) 20
Purchase cost 9,557.00$                  
Total bare module cost 30,295.00$               
Operation
Design Data
Identification Item Pump
Item No. PRF-202
No. required 1
Function Reflux pump for C-202Pressure rise (psi) 100Flow rate (gpm) 86Fluid head (ft) 306Construction material cast ironType centrifugalPower (hp) 5.02Pump efficiency 0.52
Purchase cost 3,268.00$                  
Total bare module cost 10,784.00$               
Operation
Design Data
89 
 
 
  
Identification Item Pump
Item No. PRB-202
No. required 1
Function Reboiler pump for C-202Pressure rise (psi) 100Flow rate (gpm) 107Fluid head (ft) 326Construction material cast ironType centrifugalPower (hp) 6.3Pump efficiency 0.55
Purchase cost 3,411.00$                  
Total bare module cost 11,258.00$               
Operation
Design Data
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Section 6: Energy Balance and 
Utility Requirements 
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The main energy requirements for this process come from the distillation columns, with the highest cost utility being the steam requirement. The distillation columns were all designed using high pressure steam in the reboiler, cooling water in the condenser, and electricity to drive the reboiler and reflux pumps. These utility costs are broken down by column and for the columns as a whole in Table 6.1.  
Table 6.1 Column utility requirements Column kWh per lb product Steam lb/lb product Cooling Water gal/lb product C-101 8.48E-04 55.40 134 C-102 6.83E-03 9.92 26 C-103 9.40E-03 9.20 26 C-104 4.87E-03 3.47 32 C-201 1.31E-03 1.10 2 C-202 6.53E-04 0.49 1.5 total 0.02 79.58 220  This table clearly shows that the majority of the steam and cooling water requirements are in C-101. This is a significant part of the annual costs for this process. More detail on these requirements is shown in the economic breakdown. It may be possible to reduce these requirements by further heat integration, but column integration was not performed for this process.  There are further utility requirements from the pumps and heat exchangers throughout the rest of the process and limited opportunities for heat integration. The best opportunities for heat integration came from using the effluent from reactors R-101, R-102 and R-103 to heat the feed streams to those reactors. Even with this heat integration, trim heaters and coolers were often required, using steam or cooling water to complete the heating or cooling necessary in the process. Table 6.2 shows the additional utility requirements from these areas.  
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Table 6.2 Trim exchanger requirements Trim Exchanger utility required amount/lb product HX-102 steam 2.83 lb HX-103 cooling water 128 gal HX-105 cooling water 12.2 gal HX-107 steam 12.7 lb HX-202 cooling water  0.68 gal  This table shows that the trim exchangers do not add a significant amount to the utility requirements. Although HX-103 does need a large cooling water stream, cooling water is a relatively small cost compared to the steam costs of the plant.   Significant savings were achieved by the integration of heat exchangers around major process units. The details of these integrated exchangers are presented in Table 6.3. 
Table 6.3 Integrated heat exchangers Integrated Exchangers Q(MMBTU/hr) Cold Stream Hot Stream HX-101 205.6 S-104 S-107 HX-104 11.8 S-118 S-121 HX-106 10.4 S-112A S-112E HX-201  10.1 S-202 S-204  The significant heat duties of these exchangers show a clear savings from this heat integration scheme. Without this heat integration these extra duties would need to be satisfied with additional utilities.  Finally, additional electricity requirements from the pumps used throughout the plant are summarized in table 6.4.  
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Table 6.4 Pump requirements Pump kWh/lb product P-101 0.0458 P-102 0.0041 P-103 0.0004 P-104 0.0001 P-105 0.0018 P-201  0.0063  This table shows that the majority of the electricity requirements come from these process pumps but the required electricity costs are insignificant compared to the steam utility requirements.   The utility requirements are further analyzed in the next section since they significantly impact the economics of the process. One option for reducing these requirements would be further integration of the distillation columns. While integrating the column reboilers and condensers would save money on utilities, it would also make the plant design much more complex.   
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Section 7: Profitability Analysis 
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7.1 Introduction  At the current market prices for paraxylene, feed stocks, and byproducts, this process produces an ROI of -88.38% and therefore is not a profitable venture at this time. However, the price of paraxylene is currently quite volatile, following the price of oil. One advantage of this process is that it does not use an oil based feed, meaning that once the oil prices and thus paraxylene prices rise this venture could become profitable. The table below shows the breakdown of the main economic factors in the current market, with paraxylene prices at $1.00 per kg. The table, with depreciation set at 15% and income tax at 37%, shows that the annual costs greatly outweigh the annual sales, leading to net earnings in the third year of -42 million dollars. This negative earnings results in a large negative ROI and net present value since the venture is actually losing money. Although this project is currently not profitable there is a strong possibility of profitability in the future. The economics of this process at current prices are presented below and are further broken down in this section. Also, a sensitivity analysis was performed around higher paraxylene prices as an indication of profitability potential in the future [7]. 
The Internal Rate of Return (IRR) for this project is  Negative IRR 
        The Net Present Value (NPV) of this project in 2015 is   $ (214,082,700)         ROI Analysis (Third Production Year)     Annual Sales         41,900,433       Annual Costs      (104,326,925)      Depreciation          (3,642,254)      Income Tax         24,445,436       Net Earnings        (41,623,311)      Total Capital Investment 47,097,255     ROI  -88.38%      
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7.2 Cost Summaries 
Material Costs  As shown in the above breakdown, the annual earnings for this venture are negative. These earnings are further broken down into the material costs, byproduct sales, and utility costs to analyze the most costly portions of the project. First, the costs of the input materials were examined to see if there is positive economic potential for this process. The materials were analyzed on a per-lb-product basis. This generates an estimate for how much capital is spent to make each lb of product. The material feeds and costs are presented in Table 7.1. 
Table 7.1 Material costs 
Material lb/lb p-xylene Unit Cost cost/kg p-xylene Butanol 0.09 $0.455 $0.041 HCl 0.1 $0.045 $0.005 NaCl 0.85 $0.032 $0.027 Hydrolysate 9.9 $0.023 $0.228 Hydrogen 0.06 $0.318 $0.019 Ethylene 0.3 $0.35 $0.105   Total $0.425  
Table 8.1 shows that $0.425 must be spent on raw materials for each lb of paraxylene produced, leaving little room for utility and other expenses at the current product price of $0.455 per lb. The prices for the components in Table 7.1 were estimated from available data. The price of the hydrolysate feed was estimated from the price of corn syrup, its nearest analog in the market. The hydrolysate feed was estimated to be 20% of the current corn syrup price of $0.25/kg because the incoming hydrolysate is significantly more dilute. The incoming hydrolysate feed stream was utilized as the basis for calculations of all other quantities (feedstocks, etc.). The other largest contributor to the material costs is the price of ethylene. Currently, the price of ethylene is $0.77 per kg, but it is falling fast as crackers switch from naphtha to ethane feeds. The continuing decrease in ethylene prices would further enhance the profitability of this process.  
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Byproducts Sold High value side products also improve profitability. The major side products produced are contaminated (“dirty”) butanol, levulinic acid, and heavier hydrocarbons which can be used as fuel. Table 7.2 shows a breakdown of the major side products, their selling prices, and the price per lb of paraxylene if the side product were to be sold.  
Table 7.2 Byproducts sold 
Byproduct lb/lb p-xylene unit cost cost/kg p-xylene Dirty Butanol 0.08 $0.364 $0.029 Levulinic Acid 0.022 $1.364 $0.03 Heavy Hydrocarbons 0.105 $0.341 $0.036   Total $0.095  
The pricing information for Table 7.2 was taken from estimates recommended by consultants. The dirty butanol was estimated at a 20% discount from the clean butanol prices. For this process it was assumed that the butanol exiting in the waste streams was able to be separated and sold as low quality butanol to producers. The levulinic acid price was taken from available data.  Although levulinic acid is produced in a small amount relative to paraxylene and other side products, it has an attractive high selling price. Generally, levulinic acid is sold in small quantities; therefore, it is not unreasonable to assume that a buyer for our low production can be easily found. Finally, the price of the heavier side products produced was estimated at untaxed diesel prices. The hydrocarbon side products are produced in the greatest amount and have the largest potential to impact profitability. If fuel prices were to rise, the profitability of this endeavor would improve. Subtracting these side products from the raw materials gives a price of $0.33 spent per lb of paraxylene produced.  
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Utility Costs  Finally, the utility costs per kg of product were analyzed. Utilities account for a large portion of the continuing costs for this process. Particularly, the steam costs are significant due to the size and number of distillation columns used. The utility costs are broken down in Table 7.3. 
Table 7.3 Utility Costs 
Utility Unit amount/lb p-xylene Unit cost $ [7] cost/kg p-xylene High Pressure Steam lb 95 0.0066 $0.627 Cooling Water gal 361 0.000075 $0.027 Electricity kWh 0.081 0.07 $0.005    Total $0.659  
Adding the utility costs to the raw materials and byproducts leads to an overall cost of $0.989 per lb of paraxylene produced. At current paraxylene prices, a large negative ROI results and it is clear that the process is not profitable. From Table 7.3 it is clear that the steam utility costs are the largest cost for this process, making up a large portion of the annual costs and greatly affecting profitability. The majority of this steam requirement comes from the distillation column reboilers, which make up 79.5 lb of the 95lb per lb product required. Specifically, the five columns of C-101 have a very large contribution to the required steam with 55.4 lb per lb product required, or 58% of the total required steam. This large steam requirement is due in part to the large flow through the column and the large boil-up ratio required for the separation. The boil-up ratio for each column in C-101 is 12, which has a large contribution to the large steam requirement. If this process is given further consideration, the steam requirement of C-101 is one area where significant savings can be made. 
  
99 
 
Equipment Costs  The presented process was based off of the hydrolysate feed available, which was estimated from average ethanol plant productions in the US northeast. This relatively small feed kept the process to a small scale, and thus the equipment costs are low compared to larger, oil based processes. The equipment costs are broken down into the costs for each section below. The costs of each piece of equipment were estimated using bare-module factors. For brevity, the total bare-module cost for each distillation column, including reboiler, condenser, reflux accumulator, reboiler pump, and condenser pump, is presented as one cost [7] 
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Table 7.4 Section 100 Equipment costs 
Equipment Description Type Bare Module Cost P-101 Process Machinery $442,500 P-102 Process Machinery $15,800 P-103 Process Machinery $15,800 P-104 Process Machinery $15,000 P-105 Process Machinery $31,000 Waste-water treatment Other Equipment $3,200,000 C-101 Fabricated Equipment $8,410,000 C-102  Fabricated Equipment $1,670,000 C-103  Fabricated Equipment $3,830,000 C-104  Fabricated Equipment $1,235,000 D-101 Fabricated Equipment $431,000 F-101 Fabricated Equipment $573,100 HX-101 Fabricated Equipment $250,000 HX-102 Fabricated Equipment $53,500 HX-103 Fabricated Equipment $264,000 HX-104 Fabricated Equipment $87,000 HX-105 Fabricated Equipment $65,000 HX-106 Fabricated Equipment $38,400 HX-107 Fabricated Equipment $92,200 IE-101 Fabricated Equipment $80,000 LLE-101 Fabricated Equipment $137,000 R-101 Fabricated Equipment $1,000,000 R-102 Fabricated Equipment $300,000 R-103 Fabricated Equipment $215,000 Butanol Compound in System $600,000 R-101 Catalyst (Sn-Beta) Catalysts $500,000 R-102 Catalyst (Pt-Co) Catalysts $1,000,000 R-103 Catalyst (Pd-Ni) Catalysts $1,000,000 IE-101 Resin Catalysts $7,700  Total $25,559,000  
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Table 7.5 Section 200 Equipment Costs 
Equipment Description Type Bare Module Cost P-201 Process Machinery $17,500 C-201  Fabricated Equipment $694,000 C-202  Fabricated Equipment $523,000 D-201 Fabricated Equipment $90,000 HX-201 Fabricated Equipment $36,700 HX-202 Fabricated Equipment $52,400 R-201 Fabricated Equipment $1,371,000 Hexane Compound in System $60,000 R-201 Catalyst (H-Beta Zeolite) Catalysts $200,000  Total $3,045,000  
From Tables 7.4 and 7.5 it is clear that the most expensive part of the process is the first section. This section makes up 89% of the overall equipment cost of $28,640,000, with section 2 making up only 11%. The large proportion of equipment costs in section 1 is due principally to the large flow rate through the glucose to HMF reaction sequence. This large flow rate is due to the large recycle streams that return butanol and other products to this section from throughout the process.  
 The section 1 costs can further be broken down by units. The most expensive unit in the entire process is by far C-101, which makes up 29.5% of the total bare module costs alone. This is due to the large flow rate through the column, as discussed in the utility breakdown. Once again, if this process is to be taken under further consideration, C-101 is a unit that could use further research to minimize costs and increase profitability. 
 Other high cost equipment includes C-103 and the waste-water treatment system. C-103 has a high cost associated with it due to the size of the column. This column is 70 stages, making it by far the tallest unit in this process. This height adds significantly to its size and cost, accounting for 13% of the total equipment cost. The waste-water treatment facility was estimated using 
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equations from the literature based on the amount of waste-water that needs to be treated. A primary, secondary, and tertiary treatment system was modeled, which contributes 11% to the total equipment costs.  
 Although there are some equipment costs that could be reduced, this process’s bare-module equipment costs are relatively inexpensive due to its smaller scale. Research would be better spent reducing the utility costs in C-101 to improve profitability. Also, note that no utility plant or storage equipment costs were presented because this process was designed as an addition to an existing ethanol plant. It was assumed that the existing plant infrastructure would be used for these purposes. 
Summary of Costs  The variable costs, working capital, fixed costs, and investment summaries were prepared using the outlines provided in the literature. The variable costs are presented in Table 7.6. The most significant variable cost at 100% plant operation, as foreshadowed above, is the utility costs at $67 million, or 63% of the total variable costs. The raw material costs also make up a significant portion of the variable costs at 41% of the total variable costs [7]. 
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Table 7.6 Variable costs 
Variable Costs at 100% Capacity:          General Expenses            Selling / Transfer Expenses:   $1,396,681   Direct Research:    $2,234,690   Allocated Research:    $232,780   Administrative Expense:    $931,121   Management Incentive Compensation:   $581,950        Total General 
Expenses     $5,377,222        
Raw Materials $0.927500 per kg of Paraxylene $43,180,724  
      
Byproducts $0.208750 per kg of Paraxylene ($9,718,573) 
      
Utilities  $1.446795 per kg of Paraxylene $67,578,880        Total Variable 
Costs     $          106,418,253  
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7.3 Fixed Costs  The total fixed costs are primarily made up of the operations and maintenance costs at $3.4 million and $3.8 million respectively. These costs make up the majority of the $8.75 million fixed costs. There are no extra fixed costs, as there are no licensing or other issues with this process as of this writing [7]. 
Table 7.7 Fixed Costs 
Operations       Direct Wages and Benefits    $              1,248,000   Direct Salaries and Benefits   $                 187,200   Operating Supplies and Services   $                   74,880   Technical Assistance to Manufacturing   $                 900,000   Control Laboratory    $                 975,000   Total Operations    $              3,385,080        Maintenance      Wages and Benefits   $              1,662,961   Salaries and Benefits    $                 415,740   Materials and Services    $              1,662,961   Maintenance Overhead    $                   83,148   Total Maintenance    $              3,824,810        Operating Overhead      General Plant Overhead:   $                 249,487   Mechanical Department Services:   $                   84,334   Employee Relations Department:   $                 207,320   Business Services:    $                 260,029   Total Operating Overhead   $                 801,169        Property Taxes and Insurance     Property Taxes and Insurance:  $                 739,094        Total Fixed Costs    $              8,750,153    
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7.4 Investment Summary  The total bare-module costs for the equipment required for this plant is $28.5 million, coming primarily from the fabricated equipment, with C-101 and C-103 making up the bulk of these costs, as discussed previously. The direct permanent investment (DPI) adds the site preparations and service facilities to these costs, yielding a DPI of $31.3 million. Notice that no costs are added for utility plants since the existing ethanol plant infrastructure is used for these purposes. The total depreciable capital adds contingency and contractor fees to bring costs to $37 million. Finally, the total permanent investment for this project comes to $45.5 million with the costs of land, start-up, and adjustments for the plant site being in the north east [7]. 
Table 7.8 Investment Summary 
Total Bare Module Costs:      
 
Fabricated Equipment    $            21,050,669    Process Machinery     $                 852,114    Other Equipment     $              3,200,000    Catalysts      $              3,367,700    Total Bare Module Costs:     $            28,470,483          Direct Permanent 
Investment       Cost of Site Preparations:   $              1,423,524    Cost of Service Facilities:    $              1,423,524    Direct Permanent Investment     $            31,317,531          Total Depreciable Capital       Cost of Contingencies & Contractor Fees  $              5,637,156    Total Depreciable Capital     $            36,954,687          Total Permanent 
Investment       Cost of Land:    $                 739,094    Cost of Plant Start-Up:     $              3,695,469            Total Permanent Investment - Unadjusted   $            41,389,249   Site Factor      1.10  Total Permanent Investment     $            45,528,174   
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7.5 Working Capital 
 The working capital was calculated using 30 day calculations for accounts receivable, accounts payable, and cash reserves as well as a 4 day paraxylene inventory and 2-day raw material inventory. With these working capital costs, the total capital investment is brought to $46.8 million. While this TCI value is small compared to most chemical plants, it is fitting for this process due to the smaller capacity of the presented plant [7]. 
Table 7.9 Working Capital 
   2016 2017 2018 Accounts Receivable   $              1,721,936   $                 860,968   $                   860,968  Cash Reserves   $              2,814,924   $              1,407,462   $                1,407,462  Accounts Payable   $            (4,088,383)  $            (2,044,192)  $               (2,044,192) Paraxylene Inventory   $                 229,591   $                 114,796   $                   114,796  Raw Materials   $                 106,473   $                   53,237   $                     53,237  Total    $                 784,541   $                 392,270   $                   392,270        Present Value at 
15% 
 
 $                682,209   $                296,613   $                   257,924          Total Capital Investment     $            46,764,920    
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7.6 Cash Flows  The cash flow analysis is important to find the initial capital costs, the year of positive cash flow (if it exists), and the net present value of the project at its completion. As discussed previously, at present prices the process actually loses money for each kg of paraxylene produced. This means that there is never a positive cash flow throughout the 15 year operation and the final net present value (NPV) of the project is a staggering -214 million dollars. Based on this information, investment at the current paraxylene price is not recommended. The cash flows at current market prices are presented in Table 7.10[7]. 
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Table 7.10 Cash flows at present market values 
 Percentage of Design 
Capacity 
Product 
Unit 
Price 
     
Year Sales Capital Costs 
Working 
Capital Var Costs Fixed Costs 2015 0%                            -                                   -                                   -                           -                           -    2016 0%                            -                   (45,528,200)                     (784,500)                        -                           -    2017 45% $1.00              20,950,200                                 -                        (392,300)        (47,788,400)          (8,750,200) 2018 68% $1.00              31,425,300                                 -                        (392,300)        (71,682,600)          (8,750,200) 2019 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2020 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2021 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2022 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2023 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2024 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2025 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2026 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2027 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2028 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2029 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2030 90% $1.00              41,900,400                                 -                                   -        (95,576,800)          (8,750,200) 2031 90% $1.00              41,900,400                                 -                      1,569,100         (95,576,800)          (8,750,200)  
  
109 
 
Table 7.10 Cash flows at present market values (con’t)  
Depletion 
Allowance 
    Cumulative 
Net Present 
Value at 15% Depreciation 
Taxible 
Income Taxes 
Net 
Earnings Cash Flow                        -                             -                           -                           -                           -                           -                                       -                           -                             -                           -                           -                           -           (46,312,700)                    (40,271,900)          (7,390,900)                          -           (42,979,300)          15,902,300         (27,076,900)        (20,078,300)                    (55,454,000)        (11,825,500)                          -           (60,832,900)          22,508,200         (38,324,700)        (26,891,500)                    (73,135,600)          (7,095,300)                          -           (69,521,800)          25,723,100         (43,798,700)        (36,703,400)                    (94,120,900)          (4,257,200)                          -           (66,683,700)          24,673,000         (42,010,700)        (37,753,500)                  (112,891,100)          (4,257,200)                          -           (66,683,700)          24,673,000         (42,010,700)        (37,753,500)                  (129,213,000)          (2,128,600)                          -           (64,555,100)          23,885,400         (40,669,700)        (38,541,100)                  (143,702,000)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (156,558,600)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (167,738,300)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (177,459,700)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (185,913,200)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (193,264,000)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (199,656,000)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (205,214,300)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (39,328,700)                  (210,047,500)                        -                             -           (62,426,500)          23,097,800         (39,328,700)        (37,759,600)                  (214,082,700)  
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 The results shown in Table 7.10 clearly indicate that the project under current market conditions is not economically feasible. This is again driven by the high steam requirement of C-101, which accounts for the majority of the utility costs. Although this process is not economical at current prices, another interesting study is the potential of this process as the price of paraxylene rises. As described previously, the motivation of this project was the assumption that aromatic prices will rise in the near future. As an alternative study, the cash flows and sensitivity analysis around a much higher paraxylene price of $3.25 per kg was assessed as a study of potential profitability of this system. At this paraxylene price, with all utilities and raw materials remaining the same, the ROI rises to 19.53%. There is a positive cash flow in the first year, and a positive net present value is reached in the eighth year of operation with a final net present value of $18.6 million [7]. 
7.7 Sensitivity Analysis  Since this process creates a highly negative NPV and ROI, the sensitivity analysis around the current market prices is uninteresting, as all nearby paraxylene prices create negative internal rates of return (IRR). Rather, a sensitivity analysis was performed around higher paraxylene prices to indicate possible profitability in the future. A sensitivity analysis was conducted around a paraxylene price of $3.25 per kg produced. This price was varied by +/- 20% and the internal rate of return (IRR) was analyzed for paraxylene prices against variable costs, fixed costs, and total permanent investment, which were all varied within +/- 20%. Table 7.11 shows the relationship between the variable costs and the price of paraxylene. Note that the variable costs are significantly different from those produced above because of the product price change. From this table it is clear that IRR decreases with decreasing product prices and increasing variable costs, with the IRR becoming negative at around $2.80 per kg at the prescribed variable cost for this study [7]. 
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Table 7.11 Sensitivity analysis variable costs vs. price 
                                                                                                                            Variable Costs   $99,367,937 $104,099,744 $108,831,550 $113,563,357 $118,295,163 $123,026,970 $127,758,776 $132,490,583 $137,222,390 
Pr
od
uc
t P
ri
ce
 
$2.60 10.89% 4.53% -3.85% -18.52% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR $2.73 17.56% 12.36% 6.37% -1.17% -12.80% Negative IRR Negative IRR Negative IRR Negative IRR $2.86 23.35% 18.76% 13.75% 8.07% 1.16% -8.61% Negative IRR Negative IRR Negative IRR $2.99 28.62% 24.40% 19.92% 15.07% 9.65% 3.23% -5.30% Negative IRR Negative IRR $3.12 33.52% 29.56% 25.42% 21.04% 16.34% 11.14% 5.11% -2.54% -14.32% 
$3.25 38.16% 34.38% 30.47% 26.41% 22.13% 17.55% 12.54% 6.83% -0.15% $3.38 42.59% 38.95% 35.22% 31.37% 27.37% 23.18% 18.72% 13.88% 8.44% $3.51 46.85% 43.33% 39.73% 36.05% 32.25% 28.32% 24.20% 19.85% 15.15% $3.64 50.96% 47.54% 44.06% 40.50% 36.86% 33.11% 29.24% 25.20% 20.94% $3.77 54.96% 51.62% 48.23% 44.77% 41.25% 37.65% 33.95% 30.14% 26.16% $3.90 58.85% 55.58% 52.26% 48.90% 45.48% 42.00% 38.43% 34.78% 31.02%   
Another sensitivity analysis was performed with product prices and fixed costs. This data is reproduced in Table 7.12. This chart shows that, while varying the fixed costs does have an effect on the IRR, it is not nearly as pronounced of an effect as the variable costs have, as indicated in Table 7.11 [7]. 
Table 7.12 Sensitivity analysis fixed costs vs. price 
                                                                                                Fixed Costs   $7,350,129 $7,700,135 $8,050,141 $8,400,147 $8,750,153 $9,100,159 $9,450,166 $9,800,172 $10,150,178 
Pr
od
uc
t P
ri
ce
 
$2.60 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR $2.73 -8.05% -9.14% -10.29% -11.50% -12.80% -14.19% -15.67% -17.26% -18.98% $2.86 3.79% 3.15% 2.50% 1.84% 1.16% 0.47% -0.25% -0.98% -1.72% $2.99 11.70% 11.20% 10.69% 10.17% 9.65% 9.13% 8.59% 8.06% 7.51% $3.12 18.14% 17.69% 17.24% 16.79% 16.34% 15.88% 15.42% 14.96% 14.50% 
$3.25 23.79% 23.38% 22.96% 22.55% 22.13% 21.71% 21.29% 20.87% 20.44% $3.38 28.96% 28.56% 28.17% 27.77% 27.37% 26.98% 26.58% 26.18% 25.78% $3.51 33.78% 33.40% 33.02% 32.63% 32.25% 31.87% 31.49% 31.10% 30.72% $3.64 38.35% 37.97% 37.60% 37.23% 36.86% 36.49% 36.11% 35.74% 35.37% $3.77 42.72% 42.35% 41.98% 41.62% 41.25% 40.89% 40.52% 40.16% 39.80% $3.90 46.92% 46.56% 46.20% 45.84% 45.48% 45.12% 44.76% 44.40% 44.05%   
Finally, a sensitivity analysis was prepared using the product price and the total permanent investment. This analysis is presented in Table 7.13. Again, although the total permanent investment has an effect on the IRR, it is not nearly as pronounced as the effect of varying the variable costs [7]. 
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Table 7.13 Sensitivity analysis total permanent investment vs. price 
                                                                                         Total Permanent Investment   $38,243,666 $40,064,793 $41,885,920 $43,707,047 $45,528,174 $47,349,301 $49,170,428 $50,991,555 $52,812,682 
Pr
od
uc
t P
ri
ce
 
$2.60 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR $2.73 -8.29% -9.46% -10.60% -11.71% -12.80% -13.87% -14.93% -15.98% -17.02% $2.86 6.06% 4.73% 3.48% 2.29% 1.16% 0.08% -0.94% -1.93% -2.87% $2.99 15.53% 13.91% 12.39% 10.98% 9.65% 8.40% 7.22% 6.11% 5.05% $3.12 23.27% 21.34% 19.55% 17.89% 16.34% 14.89% 13.53% 12.25% 11.05% 
$3.25 30.13% 27.89% 25.82% 23.90% 22.13% 20.47% 18.93% 17.48% 16.13% $3.38 36.44% 33.89% 31.54% 29.38% 27.37% 25.51% 23.78% 22.17% 20.65% $3.51 42.36% 39.51% 36.89% 34.48% 32.25% 30.19% 28.27% 26.49% 24.82% $3.64 48.00% 44.85% 41.96% 39.31% 36.86% 34.59% 32.49% 30.54% 28.72% $3.77 53.40% 49.96% 46.81% 43.92% 41.25% 38.79% 36.51% 34.40% 32.42% $3.90 58.60% 54.88% 51.48% 48.36% 45.48% 42.83% 40.37% 38.09% 35.97%  
 From the sensitivity analyses presented above, it is clear that varying the variable costs has the largest effect on the profitability of this process at a constant paraxylene price. This is due in large part to the large utility requirements, particularly in C-101. If this process is considered further, a large reduction in variable costs must be made to make it economically viable. The best candidate for this cut in variable costs is to reduce the utility requirement, particularly the steam in the reboiler for C-101. 
In-depth C-101 assessment  As discussed above, it is clear that the major cost for this process is the high steam requirement for column C-101. This steam requirement, which makes up 37% of the costs for each lb of paraxylene produced, must be reduced if this process is to be considered further and be made profitable at current market prices. There are a few process alterations that should be considered to reduce this requirement.  
The first and most promising reduction technique is to reduce the requirement of butanol in R-101. Based on the available research, the amount of butanol in the biphasic reactor was set to a 3:1 volumetric ration with the aqueous phase.  This value was defined so that most of the HMF in the reactor would immediately be transferred into the butanol phase, avoiding the side reaction and keeping the selectivity of HMF high. However, this amount was prescribed based on research 
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done in a laboratory. It is possible that this ratio could be reduced without significantly harming the selectivity of HMF in R-101 in an industrial setting.  
The other option to reduce the steam utility in C-101 is to reduce the boilup ratio in the column. The boilup ratio was set at 12 for this study to keep a high concentration of HMF in R-102. However, the boilup ratio could be lowered to reduce costs. This would increase equipment costs later in the process because flows would increase. Both of these possibilities are examined as permutations on the C-101 unit only. That is, it is assumed that all other units remain the same in the process and the feed to C-101 is unchanged. Then these variables are manipulated to see how the steam requirement in C-101 is affected. 
Butanol ratio  First, the butanol ratio required in R-101 was altered at a constant boilup ratio of 12 to see how this variable affects steam usage in the column. The butanol: water volumetric ratio was altered from 3:1 to 1:1 in 0.25 increments. The data from this study is presented in Figure 7.1. 
 
Figure 7.1 Steam requirement vs. butanol ratio 
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From this graph it is clear that the steam requirement in C-101 varies linearly with the required butanol ratio in R-101. This shows that lowering the butanol ratio is a strong candidate for cutting the utility costs, reducing the required steam by more than 50% when the butanol ratio is lowered to 1:1. While lowering this ratio would help in the column costs, it would most likely also reduce the selectivity of HMF in R-101 since less HMF would be removed from the aqueous phase giving more of an opportunity for the side reaction to occur.  
Boilup ratio  Furthermore, the boilup ratio for the column was altered at a constant butanol ratio of 3:1 to see how this variable affected the required steam in the column. The boilup ratio was altered from 12 down to 0.5. The results of this study are presented in Figure 7.2. 
 
Figure 7.2 Steam requirement vs. boilup ratio 
This study shows that the steam requirement has an approximately logarithmic relationship with the boilup ratio of the column. This means that significant savings on steam are not seen unless the boilup ratio is dropped significantly. This is probably less feasible than lowering the butanol ratio because the feed to R-102 would be significantly diluted at these lower boilup ratios. Lowering the butanol ratio shows much greater immediate effects on the steam usage. 
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 The optimal design change for C-101 probably is a combination of both of these changes. One example of this would be to reduce the butanol ratio to 2:1, and lower the boilup ratio to 4 to keep the HMF mass concentration in R-102 to a reasonable 8%. In this case the steam requirement of C-101 was reduced to 34 lb/lb product. This new steam usage was assessed with all other variables held constant, leading to an ROI of -70.88%. Another sample was completed by lowering the butanol ratio to 1:1 and decreasing the boilup ratio to 2, keeping the HMF mass concentration to a reasonable 9.5% in R-102. This case reduced the steam requirement in C-101 to 15 lb/lb product. The financial breakdown was redone for this case keeping all other variables the same, producing an ROI of -55.5%. Any further reduction of the butanol ratio would assuredly have drastic negative consequences on the process. The cash flows for both of these cases remained to be negative, indicating that even with extremely reduced steam requirements in C-101 this process remains to be economically unfeasible in the current market. 
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Section 8: Alternative Process 
Sequence   
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8.1 Separate Glucose Isomerization  The presented process design for the conversion of corn derived Hydrolysate to para-xylene is quite complex and so warrants the consideration of alternative processes and optimizations to maximize the profitability of this venture. One alternative process that was considered for this project was including a separate reaction and separation sequence prior to the biphasic HMF reactor designed to isomerize the glucose into fructose. The fructose would then be fed into the rest of the process as it is presented in this report. A process flow diagram for this alternative process is presented in Figure 8.1. 
 
Figure 8.1 Glucose Isomerization Process  In this process, the same Hydrolysate feed from the presented process, a 20 % by weight glucose in water solution, is fed to the unit as stream 1. Notice that the overall mass flow rate was later changed to reflect the availability of Hydrolysate feedstock in the plant area. This glucose rich stream was mixed with a glucose recycle stream, 9B, in the mixer labeled B8. This glucose rich stream was fed to the isomerization reactor, ISORXR, which was modeled in ASPEN with the Ryield subroutine to follow the isomerization reactor data from the literature [3]. This reactor was designed as a packed bed reactor to be run continuously at 60oC and 1 atm. This temperature requirement is based on the deactivation of the enzyme catalyst at higher temperatures. The catalyst in the reactor was immobilized Sweetzyme IT®, a glucose isomerase derived from 
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Strepotomyces murinus, which would have to be replaced semiannually due to deactivation. The reactor feed is a 20% glucose solution by weight in water, and the reaction is held to 42% fructose at equilibrium [3].   Following the reactor, the sugar solution was concentrated to 50% sugars by weight in EVAP-1. This evaporator was designed to run at 60oC and 2.63 psia. The concentrated sugar solution was then fed to a fractional crystallizer. The crystallizer was designed to lower the solution temperature from 25oC down to -35oC by 0.5 K/min [8]. The crystallization process lead to a solid stream of 89% glucose by weight [8] with the remaining solution estimated to be 5% glucose and 25% fructose by weight in water based on solubility extrapolations. This separation unit was modeled using the SEP block subroutine in ASPEN and is presented as CRYSSEP in Figure 8.1. The fructose rich solution was then concentrated in EVAP-2, which is designed to run at 60oC and 2.16 bar. This evaporator was designed to concentrate the stream to avoid more water in the latter parts of the process. The glucose rich solid from the crystallizer was mixed with a warm water stream to make its concentration 20% by weight glucose before being recycled back to the isomerization reactor. The stream report for the presented process is available in Table 8.1.           
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Table 8.1 Streams summary for glucose isomerization Stream 1 2 3 4 4B 5 6 TO B8 ISORXR EVAP-1 SEPPUMP CRYSSEP EVAP-2   FROM   B8 ISORXR EVAP-1 SEPPUMP CRYSSEP EVAP-1 PHASE LIQUID LIQUID LIQUID LIQUID LIQUID LIQUID VAPOR Mass Flow   lb/hr                          GLUCOSE                  25683.85 56181.7 34775.09 34775.09 34775.09 4277.337 8.60E-06   FRUCTOSE                 0 3775.365 25181.97 25170.03 25170.03 21394.53 11.93047   WATER                    1.03E+05 2.39E+05 2.39E+05 59944.64 59944.64 59944.64 1.79E+05 Total Flow  lbmol/hr       5845.243 13622.74 13622.74 3660.166 3660.166 3469.928 9962.575 Total Flow  lb/hr          1.28E+05 2.99E+05 2.99E+05 1.20E+05 1.20E+05 85616.5 1.79E+05 Total Flow  cuft/hr        2110.123 4921.03 4931.899 1885.566 1885.595 1290.168 2.43E+07 Temperature F              140 140.0019 140 140 140.0341 -31 140 Pressure    psia           14.69595 14.69595 14.69595 2.631554 14.69595 14.69595 2.631554 Stream 6 7 8 9 9B 10 11 TO   RECMIXER   B7 B8   RECMIXER FROM EVAP-1 CRYSSEP EVAP-2 RECMIXER B7 EVAP-2   PHASE VAPOR SOLID VAPOR MIXED LIQUID LIQUID LIQUID Mass Flow   lb/hr                          GLUCOSE                  8.60E-06 30497.76 2.39E-06 30497.76 30497.84 4277.337 0   FRUCTOSE                 11.93047 3775.505 30.00861 3775.505 3775.365 21364.52 0   WATER                    1.79E+05 0 48955.52 1.37E+05 1.37E+05 10989.11 1.37E+05 Total Flow  lbmol/hr       9962.575 190.2379 2717.611 7777.497 7777.497 752.3167 7587.259 Total Flow  lb/hr          1.79E+05 34273.26 48985.53 1.71E+05 1.71E+05 36630.97 1.37E+05 Total Flow  cuft/hr        2.43E+07 324.9919 8.08E+06 2.14E+06 2810.902 544.4302 2278.721 Temperature F              140 -31 140 214.314 140 140 140 Pressure    psia           2.631554 14.69595 2.161193 14.69595 14.69595 2.161193 14.69595    
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This process was originally considered because fructose shows a higher selectivity than glucose for HMF in the next part of the process. However, the overall selectivity for HMF from fructose or glucose varies only by approximately 5%, with selectivities of .75 and .80 for glucose and fructose respectively. Also, recent data shows that the glucose fructose isomerization reaction occurs in a Sn-beta zeolite catalyst with a lewis acid present, which is the same catalyst used in the HMF reactor. This means that the designed HMF reactor could act as a one pot reactor for glucose to HMF, first isomerizing the glucose to fructose and then reacting fructose to HMF. In addition, the high fructose concentration being produced in this alternate process would be diminished by back isomerization in the HMF reactor. All of these factors along with the difficulties involved in solid handling, the low temperature crystallizer, and vacuum evaporators present in this alternative process led to the abandonment of this design in the developmental stages for the more promising one pot glucose to HMF process presented in this report. This decision is reinforced by the recent research in the literature, which suggests that the one pot reactor for conversion of glucose or other corn based carbohydrates to HMF is the most promising for chemical production [4, 5, 6].  
8.2 Optimization of Current Process  The most expensive part of the presented process is the biphasic HMF reactor and its subsequent separations, particularly the first distillation column, COL-1. The large costs associated with this part of the process stem from the high flow rates through these units. This part of the process has very high flow rates due to the extent that the materials are recycled back to this reactor section. The presented process was designed in this way to maximize the conversion of the glucose in the hydrolysate feed and minimize the amount of make-up butanol and salts required, since these feed materials can be quite expensive. Nevertheless, the large volume of recycle makes the units in this part of the process quite large, particularly the first distillation column, and greatly increases the utility requirements in this area of the process. 
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 Indeed, due to the large recycle flow rates, the first distillation column must be split into 5 separate columns. This makes up a large portion of the capital investment. However, perhaps more damaging than the column cost itself is the utility costs that are associated with this column. Due to the large flow rate through the column and the high boil-up ratio required for the separation, 55.4 lb of high pressure steam are required for each lb of para-xylene produced. This means that with steam priced conservatively at $6.60 per 1000 lb the process loses money annually for a paraxylene price of $1.00 per kg.   There are some alterations that can be made to the process to alleviate this large cost. One suggestion is to eliminate the recycle streams altogether. Following this option would greatly decrease the flow through the first reaction section, reducing capital and utility costs for the process. However, this course of action would also decrease the yield of paraxylene, damaging the annual sales revenue. In reality, neither this method of total disposal of side streams nor the extensive recycle are optimum. Rather, if this process is to be given additional consideration, an optimization would need to be performed on how much to purge each recycle stream to find the optimal operation conditions that alleviate costs in the first reactor section without sacrificing product production or greatly increasing the raw material costs.  Another option to alleviate the high costs associated with the first column and avoid losing product would be to use an extra separation on the aqueous recycle stream to remove most of the glucose for recycle. This would allow a high overall conversion through the reactor scheme, as achieved in the current model, but it would also allow for the removal of a significant portion of the water without losing butanol, which adds to the buildup of material flow which causes the high costs in this area of the process. Ideally, this separation would allow for the recycle of the butanol and glucose in the aqueous stream while purging the excess water. One possibility for such a separation would be to use a crystallizer to remove most of the glucose, followed by a flash vessel where water would be the liquid product and the butanol-water azeotrope would be the vapor 
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product which could be recycled back to the reactor. This separation scheme would allow for reduction in the overall flow which would cut equipment and utility costs, but it would come with significant costs of its own. For example, the crystallization process is not cheap, requiring solids handling, high refrigeration costs, and vacuum evaporators, similar to the process described in section 9.1. In addition, the separation of the water and butanol is still limited by the azeotrope that exists between these materials, limiting the amount of water that is discarded.   One final option for reducing the significant costs of the first reaction section would be to use a flash separator on the feed stream prior to addition to the process to remove as much water as possible. The amount of water that can be removed is limited by the solubility of glucose, which is approximately 1g/g water at 25oC. Care would have to be taken to avoid glucose crystallization in the feed if this were introduced, and additional measures similar to those previously described would still be needed to reduce the flow through this reaction section. Before this process is undertaken, more research must be done in the area of the first reaction and subsequent separation to optimize the profitability.             
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Section 9: Additional Considerations  
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9.1 Location  The location of this plant is very important. The location must be such that there is easy access to both the hydrolysate feed and easy access to ethylene for the DMF to paraxylene reaction. The best candidate for this plant is to retrofit the nearest Ohio ethanol plant to fit this process. In this way, the hydrolysate feed is readily available from the front end of the ethanol plant and ethylene can be supplied via pipeline from the new shell ethylene plant in southwestern Pennsylvania. This is a convenient strategy to make use of the existing plant infrastructure. This strategy saves costs on utility plant and other infrastructure items that do not need to be constructed. This plant location was chosen for this project.  An alternative option for location would be to split the plant into two modules. These modules would be separated as section 1 and 2 as presented in the process above. In this scheme, section 1 would be built as an addition to the existing Ohio ethanol plant as in the previous strategy, but section 2 would be built near to the ethylene plant for easier access to ethylene. This scheme avoids the need for an ethylene pipeline, but it requires that the DMF intermediate is shipped either by truck or rail to section 2, which could be costly. This is possible due to the stability of the DMF intermediate.  
9.2 Start-up  The startup procedure for this plant is relatively simple. Due to the heat integration around the reactors startup heaters would be required for plant startup before switching to the integrated heaters. Another startup concern is the large amount of solvent that lives in the system. Both of the butanol and hexane solvents live in the process in large amounts. These solvents would have to be added in large amounts during startup before steady state operation is reached. Once steady state is reached daily operation of the plant should be smooth.  
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9.3 Controllability  This process does not require a great deal of control. The first two reactors experience very minimal adiabatic temperature rise and so a run-away reaction is of little concern. In fact, R-101 has no adiabatic temperature rise due to the low heat of reaction and large amount of diluent and R-102 has only a 50oF temperature rise. One of the main control concerns is the temperature of the paraxylene reactor, R-201. This reactor has a large adiabatic temperature rise and requires intercooling. Control must be used to keep this reactor within operating conditions to keep the selectivity of paraxylene in the reactor high.  Another issue that must be well controlled is the flow rate through the pumps, particularly P-101. This pump has a large flow rate going through it and so is broken down into multiple pumps. Careful control must be used to ensure there is no flooding of these pumps to avoid damage to the system.  
9.4 Safety and Environmental  The largest safety and environmental concerns are the toxicity of paraxylene and the other side products and intermediates in the system. Most of the byproducts of this process exit in aqueous streams, meaning that great care must be taken to clean the wastewater properly before returning it to the environment. Also, the toxic chemicals must be handled with great care in this process, meaning that the operators dealing with the toxic intermediates must be properly trained to handle them. A generous assumption of $3.2 million was spent on the wastewater facility for this plant for these purposes.   Another safety concern is the reaction in R-201. As discussed above, this reaction has a large temperature rise and so must be adequately controlled to avoid runaway reaction. The operator for this plant section must be adequately trained in controlling the reaction and prepared to manually shut down the reactor should a control issue arise. 
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9.5 Maintenance  The process year was taken to be 330 days, leaving just over a month for maintenance down time. Multiple reactor units for all of the reactors were purchased so that the process can stay running while catalyst is regenerated. Another maintenance concern is the corrosion of equipment. All equipment was made out of carbon steel because corrosion was not deemed to be an extensive risk. The largest question area for this would be R-101 and its associated equipment since it has the highest acid concentrations in the process. If corrosion becomes an issue for these pieces of equipment they can be replaced with stainless steel equipment. 
 
  
127 
 
Section 10: Conclusions and 
Recommendations    
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The designed process includes several assumptions that must be further studied before considering the process. The designed process is a base case which has a few areas for improvement prior to serious consideration. Firstly, all of the reactors in this process were based off of lab scale experiments from the literature. These experiments were all done on hour timescales, so residence times in these reactors were estimated based on industrial expertise. These residence times and conversions would need to be further studied under the conditions of the process before undertaking this process. Another recommendation for the reactors in this section is more in depth catalyst research. As stated, these reactors are based off of lab scale experiments and as such expensive catalysts are often used. One place that costs may be cut would be to use alternatives to the Pt-Co catalyst in R-102. Some research suggests that a Ni catalyst may be used. While this offers a cut in capital costs, it would have little effect on profitability, since most of this process’s costs come from utilities. Another area that requires more in depth research is the glucose to HMF reactor and subsequent separation trains. This is the most novel part of the process and any alterations to it would offer significant economic changes since most of the costs come from this area. As discussed, the highest cost for this process is the steam utility in C-101. Although a perturbation optimization was performed on this unit showing minimal profitability effects, a more in depth optimization of the C-101 and surrounding equipment design is required for proper consideration of this process. 
Conclusions  The presented process for converting corn hydrolysate to paraxylene is not profitable at current market prices, with an ROI of -88.38% for a 15 year plant lifetime. The process has a small capacity, lending to its very modest total permanent investment. This capacity is driven by the availability of hydrolysate from the Ohio ethanol plant that is retrofitted for this plant. Although the permanent investment is small, this process has a very high utility requirement, which ruins its 
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economic viability. The profitability is most sensitive to changes in variable costs, specifically the utility usage.   The highest expense in this process is the steam usage in C-101. This column is expensive due to its high flow rate from the excessive recycle in this process. This column is used to increase the concentration of HMF before R-102. The steam requirement makes up $0.37 per lb of paraxylene. Altering this unit to decrease steam usage offers the greatest potential to make this process profitable.   Although this process is not currently profitable, there is a possibility of profitability in the future if the price of paraxylene rises as it is expected to do under the current market. One strong factor that helps this plant design over more traditional techniques is that it uses biomass as a feed stock instead of fossil fuels. This means that as oil prices rise, the hydrolysate feed stock should remain relatively constant and the price of paraxylene should follow increasing oil prices. In this hypothetical market environment there is a better possibility of profitability in the future.    
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A.1 Sample Calculations Pump 
Pump head 
𝐻𝐻 = ΔP/ρ𝐿𝐿 
𝐻𝐻 = �100 𝐺𝐺𝑙𝑙𝑙𝑙𝑙𝑙2� �144 𝑙𝑙𝑙𝑙2𝑓𝑓𝑤𝑤2�
�
46.7lbft3 � �1 𝐺𝐺𝑙𝑙𝑓𝑓𝑤𝑤𝐺𝐺𝑙𝑙𝑓𝑓𝐺𝐺2� = 308𝑓𝑓𝑤𝑤  
Pump efficiency 
𝑊𝑊𝑠𝑠 = �239𝑓𝑓𝑤𝑤3ℎ𝑤𝑤 � �100𝐺𝐺𝑙𝑙𝑓𝑓𝑙𝑙𝑙𝑙2 ��144𝑙𝑙𝑙𝑙2𝑓𝑓𝑤𝑤2 � � 1ℎ𝑤𝑤3600𝐺𝐺� �550.22ℎ𝑃𝑃 − 𝐺𝐺𝐺𝐺𝑙𝑙𝑓𝑓 − 𝑓𝑓𝑤𝑤 � = 1.7ℎ𝑃𝑃 
Pump power requirement 
𝜂𝜂𝑃𝑃 = −0.316 + 0.24015 ln(𝑄𝑄) − 0.01199(𝐺𝐺𝑙𝑙𝑄𝑄)2 
𝜂𝜂𝑃𝑃 = −0.316 + 0.24015 ln(29.8) − 0.01199(𝐺𝐺𝑙𝑙29.8)2 = 0.36 Column Sizing 
Diameter of column 
𝐻𝐻𝐿𝐿𝐿𝐿 = �𝐿𝐿𝐺𝐺� �𝜌𝜌𝐿𝐿𝜌𝜌𝐿𝐿�0.5 
𝐻𝐻𝐿𝐿𝐿𝐿 = �3.07154� �. 1547 �0.5 = .0014 
𝐻𝐻𝑆𝑆𝑆𝑆 = � 𝜎𝜎20�0.2 
𝐻𝐻𝑆𝑆𝑆𝑆 = �26.520 �0.2 = 1.06 
𝐶𝐶 = 𝐶𝐶𝑆𝑆𝑆𝑆𝐻𝐻𝑆𝑆𝑆𝑆𝐻𝐻𝐹𝐹𝐻𝐻𝐻𝐻𝐻𝐻 
𝐶𝐶 = (0.3)(1.06)(1)(1) = 0.32 
𝑈𝑈𝑓𝑓 = 𝐶𝐶 �𝜌𝜌𝐿𝐿 − 𝜌𝜌𝐿𝐿𝜌𝜌𝐿𝐿 �12 
𝑈𝑈𝑓𝑓 = 0.32 �47 − .15. 15 �12 = 5.6𝑓𝑓𝑤𝑤𝐺𝐺  
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𝐷𝐷𝑆𝑆 = � 4𝐺𝐺
𝑓𝑓𝑈𝑈𝑓𝑓𝜋𝜋 �1 − 𝐴𝐴𝑑𝑑𝐴𝐴𝑆𝑆� 𝜌𝜌𝐿𝐿�
1
2 
𝑓𝑓 = 0.85  
𝐴𝐴𝑑𝑑
𝐴𝐴𝑆𝑆
= 0.1 
𝐷𝐷𝑆𝑆 = � 4(154)(0.85)(5.6)𝜋𝜋(1 − 0.1)(0.15)�12 = 17.4 𝑓𝑓𝑤𝑤 Heat Exchanger 
 Heat Exchanger Area 
𝑄𝑄 = 𝑈𝑈𝐴𝐴𝑈𝑈𝑇𝑇𝑙𝑙𝑙𝑙 
𝑈𝑈𝑇𝑇𝑙𝑙𝑙𝑙 = �(𝑇𝑇ℎ,𝑖𝑖− 𝑇𝑇𝑐𝑐 ,𝑜𝑜 ) − (𝑇𝑇ℎ,𝑜𝑜− 𝑇𝑇𝑐𝑐 ,𝑖𝑖 )
𝐺𝐺𝑙𝑙
(𝑇𝑇ℎ,𝑖𝑖− 𝑇𝑇𝑐𝑐 ,𝑜𝑜 )(𝑇𝑇ℎ,𝑜𝑜− 𝑇𝑇𝑐𝑐 ,𝑖𝑖 ) �  
𝑈𝑈𝑇𝑇𝑙𝑙𝑙𝑙 = �(473 − 250) − (473 − 244)
𝐺𝐺𝑙𝑙
(473 − 250)(473 − 244) � = 226°𝐻𝐻 35.7𝐻𝐻𝑀𝑀𝑤𝑤𝑈𝑈
ℎ𝑤𝑤
= �176.2 𝑀𝑀𝑤𝑤𝐺𝐺
𝑓𝑓𝑤𝑤2°𝐻𝐻 ℎ�𝐴𝐴(226) 
𝐴𝐴 = 897 𝑓𝑓𝑤𝑤2    
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A.2 Section 100 Aspen Block Reports  
 
 BLOCK:  C-101    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S113     STAGE  10 
    OUTLETS  - S114     STAGE   1 
               S117     STAGE  10 
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            23640.9         23640.9       -0.153885E-15 
       MASS(LB/HR   )           0.144297E+07    0.144297E+07    0.374949E-09 
       ENTHALPY(BTU/HR  )      -0.317109E+10   -0.306674E+10   -0.329068E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        10 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       0.045900    
    DISTILLATE TO FEED RATIO                                 0.86170     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   15.9542      
 
    TEMP-EST        STAGE   1  TEMP, F                     211.758       
                            2                              242.190       
                            3                              243.003       
                            4                              243.354       
                            5                              243.698       
                            6                              244.039       
                            7                              244.379       
                            8                              244.724       
                            9                              245.263       
                           10                              249.912       
 
   X-EST 
   STAGE       WATER       BUTANOL     NACL        HCL         LA          FA       
      1         0.2557      0.7417     MISSING   1.7773-06   1.2190-14   1.0351-04 
      2      6.1896-02      0.9363     MISSING   9.2920-09   3.5688-12   8.5452-05 
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      3      5.9436-02      0.9388     MISSING   8.8572-09   4.8700-11   8.4061-05 
      4      5.9524-02      0.9387     MISSING   8.8954-09   6.1394-10   8.4131-05 
      5      5.9646-02      0.9386     MISSING   8.9346-09   7.5944-09   8.4265-05 
      6      5.9768-02      0.9385     MISSING   8.9738-09   9.2599-08   8.4400-05 
      7      5.9890-02      0.9384     MISSING   9.0128-09   1.1133-06   8.4535-05 
      8      6.0014-02      0.9381     MISSING   9.0513-09   1.3190-05   8.4659-05 
      9      6.0235-02      0.9340     MISSING   9.0766-09   1.5204-04   8.4521-05 
     10      6.2163-02      0.8544   1.0815-03   8.8312-09   1.2820-03   7.9120-05 
 
   X-EST 
   STAGE       HMF         DMF      
      1      2.2112-16   2.4848-03 
      2      1.6191-13   1.6823-03 
      3      5.2847-12   1.6444-03 
      4      1.6525-10   1.6460-03 
      5      5.0854-09   1.6489-03 
      6      1.5415-07   1.6519-03 
      7      4.6022-06   1.6548-03 
      8      1.3526-04   1.6576-03 
      9      3.8608-03   1.6554-03 
     10      7.9410-02   1.5539-03 
 
   Y-EST 
   STAGE       WATER       BUTANOL     NACL        HCL         LA          FA       
      1         0.6309      0.3668     MISSING   2.2717-04   1.2898-17   6.6457-05 
      2         0.2557      0.7417     MISSING   1.7773-06   1.2190-14   1.0351-04 
      3         0.2471      0.7503     MISSING   1.6988-06   1.7006-13   1.0271-04 
      4         0.2471      0.7504     MISSING   1.6995-06   2.1534-12   1.0265-04 
      5         0.2472      0.7503     MISSING   1.7002-06   2.6749-11   1.0266-04 
      6         0.2473      0.7502     MISSING   1.7010-06   3.2750-10   1.0268-04 
      7         0.2473      0.7501     MISSING   1.7018-06   3.9537-09   1.0269-04 
      8         0.2474      0.7500     MISSING   1.7025-06   4.7048-08   1.0271-04 
      9         0.2476      0.7499     MISSING   1.7038-06   5.4810-07   1.0272-04 
     10         0.2489      0.7484     MISSING   1.7153-06   5.3286-06   1.0284-04 
 
   Y-EST 
   STAGE       HMF         DMF      
      1      8.4517-20   1.9646-03 
      2      2.2112-16   2.4848-03 
      3      7.3980-15   2.4492-03 
      4      2.3263-13   2.4478-03 
      5      7.1968-12   2.4483-03 
      6      2.1930-10   2.4487-03 
      7      6.5816-09   2.4492-03 
      8      1.9450-07   2.4497-03 
      9      5.6205-06   2.4504-03 
     10      1.3531-04   2.4557-03 
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S114         S117     
    COMPONENT: 
    WATER       .97920       .20796E-01 
    BUTANOL     .90855       .91449E-01 
    NACL        0.0000       1.0000     
    HCL         .99957       .43390E-03 
    LA          .10866E-09   1.0000     
    FA          .93740       .62602E-01 
    HMF         .31806E-13   1.0000     
    DMF         .94819       .51806E-01 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
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    TOP STAGE TEMPERATURE          F                       211.763       
    BOTTOM STAGE TEMPERATURE       F                       249.914       
    TOP STAGE LIQUID FLOW          LBMOL/HR                997.922       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              1,899.67        
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR             22,530.9         
    MOLAR REFLUX RATIO                                       0.045900    
    MOLAR BOILUP RATIO                                      11.8604      
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.431330+09 
    REBOILER DUTY                  BTU/HR                    0.535675+09 
 
 
   ****   MANIPULATED VARIABLES   **** 
 
                                                 BOUNDS             CALCULATED 
                                          LOWER         UPPER         VALUE 
   DISTILLATE TO FEED RATIO              0.85000       0.99000       0.91964     
 
   ****    DESIGN SPECIFICATIONS   ****  
 
 NO  SPEC-TYPE     QUALIFIERS              UNIT       SPECIFIED     CALCULATED 
                                                        VALUE         VALUE 
  1  MASS-FLOW     STREAMS: S117           LB/HR       0.14216E+06   0.14216E+06 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    BUBBLE POINT                    0.24289E-04  STAGE= 10 
    COMPONENT MASS BALANCE          0.18777E-07  STAGE= 10 COMP=NACL     
    ENERGY BALANCE                  0.25079E-04  STAGE=  1 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   211.76        15.954      -0.12943E+06 -0.10700E+06  -.43133+09 
   2   242.19        17.954      -0.13084E+06 -0.11046E+06             
   3   243.01        18.074      -0.13084E+06 -0.11054E+06             
   4   243.36        18.194      -0.13082E+06 -0.11053E+06             
   8   244.73        18.674      -0.13074E+06 -0.11049E+06             
   9   245.27        18.794      -0.13084E+06 -0.11047E+06             
  10   249.91        18.914      -0.13305E+06 -0.11034E+06   .53567+09 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.2274E+05  0.000                                     .21741+05           
   2  1010.     0.2274E+05                                                     
   3  1000.     0.2275E+05                                                     
   4  990.0     0.2274E+05                                                     
   8  942.6     0.2270E+05                                                     
   9  789.6     0.2268E+05                                                     
  10  1900.     0.2253E+05  .23641+05                      1899.6715           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.1361E+07  0.000                                     .13008+07           
   2 0.7138E+05 0.1361E+07                                                     
   3 0.7083E+05 0.1372E+07                                                     
   4 0.7011E+05 0.1372E+07                                                     
   8 0.6673E+05 0.1369E+07                                                     
   9 0.5605E+05 0.1368E+07                                                     
  10 0.1422E+06 0.1357E+07  .14430+07                      .14216+06           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       NACL          HCL           LA       
      1    0.25565       0.74172       0.76395-217   0.17769E-05   0.12173E-13 
      2    0.61876E-01   0.93633       0.80676-192   0.92880E-08   0.35643E-11 
      3    0.59416E-01   0.93883       0.37766-168   0.88535E-08   0.48646E-10 
      4    0.59504E-01   0.93874       0.17514-144   0.88916E-08   0.61336E-09 
      8    0.59995E-01   0.93809       0.73281E-50   0.90474E-08   0.13187E-04 
      9    0.60215E-01   0.93401       0.31958E-26   0.90728E-08   0.15202E-03 
     10    0.62137E-01   0.85443       0.10815E-02   0.88276E-08   0.12821E-02 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     FA            HMF           DMF      
      1    0.10349E-03   0.22069E-15   0.25210E-02 
      2    0.85428E-04   0.16163E-12   0.17066E-02 
      3    0.84038E-04   0.52768E-11   0.16682E-02 
      4    0.84108E-04   0.16504E-09   0.16697E-02 
      8    0.84635E-04   0.13521E-03   0.16815E-02 
      9    0.84498E-04   0.38600E-02   0.16793E-02 
     10    0.79099E-04   0.79412E-01   0.15763E-02 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       NACL          HCL           LA       
      1    0.63088       0.36684       0.74850-242   0.22721E-03   0.12878E-16 
      2    0.25565       0.74172       0.76395-217   0.17769E-05   0.12173E-13 
      3    0.24705       0.75036       0.35811-193   0.16984E-05   0.16985E-12 
      4    0.24702       0.75039       0.16609-169   0.16991E-05   0.21511E-11 
      8    0.24738       0.75003       0.69538E-75   0.17022E-05   0.47027E-07 
      9    0.24752       0.74988       0.30450E-51   0.17034E-05   0.54794E-06 
     10    0.24880       0.74846       0.11200E-27   0.17149E-05   0.53279E-05 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     FA            HMF           DMF      
      1    0.66462E-04   0.84336E-19   0.19937E-02 
      2    0.10349E-03   0.22069E-15   0.25210E-02 
      3    0.10269E-03   0.73854E-14   0.24848E-02 
      4    0.10264E-03   0.23228E-12   0.24835E-02 
      8    0.10269E-03   0.19437E-06   0.24854E-02 
      9    0.10271E-03   0.56182E-05   0.24861E-02 
     10    0.10283E-03   0.13528E-03   0.24915E-02 
 
                         ****   K-VALUES           **** 
   STAGE     WATER         BUTANOL       NACL          HCL           LA       
      1     2.4677       0.49458       0.95690E-79    127.85       0.10582E-02 
      2     4.1314       0.79216       0.11146E-78    191.29       0.34159E-02 
      3     4.1577       0.79925       0.11106E-78    191.81       0.34921E-02 
      4     4.1511       0.79936       0.11032E-78    191.07       0.35076E-02 
      8     4.1231       0.79954       0.10746E-78    188.12       0.35669E-02 
      9     4.1104       0.80287       0.10679E-78    187.73       0.36049E-02 
     10     4.0036       0.87598       0.10658E-78    194.25       0.41564E-02 
 
                         ****   K-VALUES           **** 
   STAGE     FA            HMF           DMF      
      1    0.64218       0.38228E-03   0.79083     
      2     1.2114       0.13657E-02    1.4771     
      3     1.2219       0.13999E-02    1.4895     
      4     1.2202       0.14077E-02    1.4873     
      8     1.2133       0.14379E-02    1.4780     
      9     1.2155       0.14558E-02    1.4804     
     10     1.2999       0.17039E-02    1.5805     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       NACL          HCL           LA       
      1    0.76977E-01   0.91889       0.74622-217   0.10828E-05   0.23625E-13 
      2    0.15770E-01   0.98185       0.66702-192   0.47908E-08   0.58551E-11 
      3    0.15114E-01   0.98257       0.31164-168   0.45578E-08   0.79757E-10 
      4    0.15137E-01   0.98254       0.14453-144   0.45778E-08   0.10057E-08 
      8    0.15266E-01   0.98213       0.60492E-50   0.46593E-08   0.21627E-04 
      9    0.15282E-01   0.97528       0.26311E-26   0.46601E-08   0.24868E-03 
     10    0.14959E-01   0.84631       0.84464E-03   0.43010E-08   0.19894E-02 
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                         ****   MASS-X-PROFILE     **** 
   STAGE     FA            HMF           DMF      
      1    0.79611E-04   0.46518E-15   0.40503E-02 
      2    0.55625E-04   0.28837E-12   0.23209E-02 
      3    0.54613E-04   0.93961E-11   0.22642E-02 
      4    0.54662E-04   0.29389E-09   0.22665E-02 
      8    0.55020E-04   0.24084E-03   0.22831E-02 
      9    0.54786E-04   0.68577E-02   0.22741E-02 
     10    0.48649E-04   0.13383       0.20249E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       NACL          HCL           LA       
      1    0.29323       0.70153       0.11286-241   0.21374E-03   0.38580E-16 
      2    0.76977E-01   0.91889       0.74622-217   0.10828E-05   0.23625E-13 
      3    0.73793E-01   0.92217       0.34700-193   0.10267E-05   0.32700E-12 
      4    0.73783E-01   0.92218       0.16094-169   0.10271E-05   0.41412E-11 
      8    0.73913E-01   0.92204       0.67402E-75   0.10293E-05   0.90565E-07 
      9    0.73966E-01   0.92198       0.29519E-51   0.10302E-05   0.10554E-05 
     10    0.74429E-01   0.92122       0.10869E-27   0.10383E-05   0.10273E-04 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     FA            HMF           DMF      
      1    0.78922E-04   0.27441E-18   0.49447E-02 
      2    0.79611E-04   0.46518E-15   0.40503E-02 
      3    0.78363E-04   0.15443E-13   0.39604E-02 
      4    0.78320E-04   0.48567E-12   0.39581E-02 
      8    0.78387E-04   0.40655E-06   0.39625E-02 
      9    0.78411E-04   0.11753E-04   0.39641E-02 
     10    0.78586E-04   0.28329E-03   0.39770E-02 
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BLOCK:  D-101    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S109B    
   OUTLET STREAMS:        S110        S113     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32740.7         32740.7       -0.222230E-15 
       MASS(LB/HR   )           0.169994E+07    0.169994E+07    0.136964E-15 
       ENTHALPY(BTU/HR  )      -0.437165E+10   -0.436884E+10   -0.641966E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S110     
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S113     
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S110      CPT= GLUCOSE   FRACTION=          1.00000     
                              WATER                        0.55000     
                              BUTANOL                      0.00100000  
                              NACL                         0.99900     
                              HCL                          0.99900     
                              LA                           0.020000    
                              FA                           0.020000    
                              HMF                          0.020000    
                              HYDROGEN                     0.99900     
                              CO2                          0.99900     
                              DMF                          0.020000    
                              HEXANE                       0.020000    
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                              0.28065E+07 
 
  COMPONENT = GLUCOSE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 1.00000     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.55000     
    S113       MIXED                 0.45000     
 
  COMPONENT = BUTANOL  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.00100000  
    S113       MIXED                 0.99900     
 
  COMPONENT = NACL     
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    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.99900     
    S113       MIXED                 0.00100000  
 
  COMPONENT = HCL      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.99900     
    S113       MIXED                 0.00100000  
 
  COMPONENT = LA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.020000    
    S113       MIXED                 0.98000     
 
  COMPONENT = FA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.020000    
    S113       MIXED                 0.98000     
 
  COMPONENT = HMF      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.020000    
    S113       MIXED                 0.98000     
 
  COMPONENT = DMF      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S110       MIXED                 0.020000    
    S113       MIXED                 0.98000     
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BLOCK:  F-101    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S112C    
   OUTLET VAPOR STREAM:   S112D    
   OUTLET LIQUID STREAM:  S112E    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            8189.78         8189.78         0.00000     
       MASS(LB/HR   )            231279.         231279.        0.453020E-14 
       ENTHALPY(BTU/HR  )      -0.944992E+09   -0.945051E+09    0.620315E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PV  FLASH 
   SPECIFIED PRESSURE    PSIA                               29.0075      
   VAPOR FRACTION                                            0.70000     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    344.99     
   OUTLET PRESSURE       PSIA                                 29.008     
   HEAT DUTY             BTU/HR                              -58623.     
   VAPOR FRACTION                                            0.70000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.53703E-02    0.17900E-01    0.57439E-06    0.32090E-04 
      WATER            0.76240        0.22829        0.99130         4.3422     
      BUTANOL          0.19525E-02    0.77844E-03    0.24556E-02     3.1545     
      NACL             0.22556        0.75186        0.55584E-79    0.73929E-79 
      HCL              0.42430E-02    0.23548E-04    0.60513E-02     256.98     
      LA               0.54623E-05    0.16840E-04    0.58599E-06    0.34797E-01 
      FA               0.53831E-05    0.21852E-05    0.67537E-05     3.0907     
      HMF              0.33833E-03    0.10801E-02    0.20426E-04    0.18911E-01 
      DMF              0.12964E-03    0.46083E-04    0.16544E-03     3.5901     
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BLOCK:  HX-101   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S104     
   OUTLET STREAM:         S105     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32303.3         32303.3         0.00000     
       MASS(LB/HR   )           0.169994E+07    0.169994E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.426208E+10   -0.405648E+10   -0.482394E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE                   PSIA                    275.572       
   SPECIFIED HEAT DUTY                  BTU/HR                    0.205600+09 
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    338.52     
   OUTLET PRESSURE       PSIA                                 275.57     
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.60512E-02    0.60512E-02    0.21781E-07    0.16652E-05 
      WATER            0.37702        0.37702        0.63990        0.78522     
      BUTANOL          0.55000        0.55000        0.31340        0.26362     
      NACL             0.63603E-01    0.63603E-01    0.72763E-81    0.52927E-80 
      HCL              0.11964E-02    0.11964E-02    0.45755E-01     17.693     
      LA               0.12808E-05    0.12808E-05    0.59633E-08    0.21539E-02 
      FA               0.16620E-06    0.16620E-06    0.73786E-07    0.20539     
      HMF              0.30262E-03    0.30262E-03    0.75235E-06    0.11502E-02 
      DMF              0.18259E-02    0.18259E-02    0.94502E-03    0.23944     
 
 BLOCK:  HX-101B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S107     
   OUTLET STREAM:         S108     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32740.7         32740.7         0.00000     
       MASS(LB/HR   )           0.169994E+07    0.169994E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.402871E+10   -0.382311E+10   -0.510337E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE                   PSIA                    275.572       
   SPECIFIED HEAT DUTY                  BTU/HR                    0.205600+09 
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    419.93     
   OUTLET PRESSURE       PSIA                                 275.57     
   OUTLET VAPOR FRACTION                                     0.23393     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.14926E-02    0.19483E-02    0.13369E-06    0.68619E-04 
      WATER            0.38527        0.32073        0.59662         1.8603     
      BUTANOL          0.54265        0.58698        0.39749        0.67721     
      NACL             0.62753E-01    0.81915E-01    0.49562E-81    0.60506E-80 
      HCL              0.11805E-02    0.14425E-03    0.45739E-02     31.709     
      LA               0.75908E-04    0.98707E-04    0.12439E-05    0.12603E-01 
      FA               0.74808E-04    0.83537E-04    0.46221E-04    0.55331     
      HMF              0.47017E-02    0.61219E-02    0.50518E-04    0.82522E-02 
      DMF              0.18015E-02    0.19791E-02    0.12200E-02    0.61649     
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 BLOCK:  HX-103   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S108     
   OUTLET STREAM:         S109     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32740.7         32740.7         0.00000     
       MASS(LB/HR   )           0.169994E+07    0.169994E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.382311E+10   -0.437165E+10    0.125475     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       122.000       
   SPECIFIED PRESSURE                   PSIA                    275.572       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    122.00     
   OUTLET PRESSURE       PSIA                                 275.57     
   HEAT DUTY             BTU/HR                             -0.54853E+09 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.14926E-02    0.14926E-02    0.40975E-13    0.28274E-12 
      WATER            0.38527        0.38527        0.52017        0.13906E-01 
      BUTANOL          0.54265        0.54265        0.17620        0.33441E-02 
      NACL             0.62753E-01    0.62753E-01    0.29331E-79    0.48138E-80 
      HCL              0.11805E-02    0.11805E-02    0.30237         2.6382     
      LA               0.75908E-04    0.75908E-04    0.86066E-08    0.11678E-05 
      FA               0.74808E-04    0.74808E-04    0.41113E-04    0.56603E-02 
      HMF              0.47017E-02    0.47017E-02    0.13983E-06    0.30631E-06 
      DMF              0.18015E-02    0.18015E-02    0.12230E-02    0.69920E-02 
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BLOCK:  HX-102   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S105     
   OUTLET STREAM:         S106     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32303.3         32303.3         0.00000     
       MASS(LB/HR   )           0.169994E+07    0.169994E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.405648E+10   -0.402871E+10   -0.684472E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       356.000       
   SPECIFIED PRESSURE                   PSIA                    275.572       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    356.00     
   OUTLET PRESSURE       PSIA                                 275.57     
   HEAT DUTY             BTU/HR                              0.27765E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.60512E-02    0.60512E-02    0.42043E-07    0.39568E-05 
      WATER            0.37702        0.37702        0.63911        0.96539     
      BUTANOL          0.55000        0.55000        0.31820        0.32947     
      NACL             0.63603E-01    0.63603E-01    0.59827E-81    0.53568E-80 
      HCL              0.11964E-02    0.11964E-02    0.41748E-01     19.872     
      LA               0.12808E-05    0.12808E-05    0.72141E-08    0.32075E-02 
      FA               0.16620E-06    0.16620E-06    0.73986E-07    0.25351     
      HMF              0.30262E-03    0.30262E-03    0.95391E-06    0.17951E-02 
      DMF              0.18259E-02    0.18259E-02    0.93831E-03    0.29265     
 
  
  
149 
 
BLOCK:  HX-106   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S112A    
   OUTLET STREAM:         S112B    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            8189.78         8189.78         0.00000     
       MASS(LB/HR   )            231279.         231279.       -0.251678E-15 
       ENTHALPY(BTU/HR  )      -0.107797E+10   -0.106757E+10   -0.964774E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE                   PSIA                     29.0075      
   SPECIFIED HEAT DUTY                  BTU/HR                    0.104000+08 
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    179.24     
   OUTLET PRESSURE       PSIA                                 29.008     
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.53703E-02    0.53703E-02    0.77407E-11    0.73025E-09 
      WATER            0.76240        0.76240        0.38456        0.25555     
      BUTANOL          0.19525E-02    0.19525E-02    0.34342E-02    0.89113     
      NACL             0.22556        0.22556        0.32667E-79    0.73373E-79 
      HCL              0.42430E-02    0.42430E-02    0.61191         73.065     
      LA               0.54623E-05    0.54623E-05    0.25625E-08    0.23767E-03 
      FA               0.53831E-05    0.53831E-05    0.29589E-05    0.27847     
      HMF              0.33833E-03    0.33833E-03    0.51215E-07    0.76692E-04 
      DMF              0.12964E-03    0.12964E-03    0.88346E-04    0.34526     
 
 BLOCK:  HX-106B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S112E    
   OUTLET STREAM:         S112F    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2456.93         2456.93         0.00000     
       MASS(LB/HR   )            126481.         126481.        0.115052E-15 
       ENTHALPY(BTU/HR  )      -0.363294E+09   -0.373738E+09    0.279427E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       212.000       
   SPECIFIED PRESSURE                   PSIA                     29.0075      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    212.00     
   OUTLET PRESSURE       PSIA                                 29.008     
   HEAT DUTY             BTU/HR                             -0.10443E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.17900E-01    0.17900E-01    0.14148E-08    0.93608E-08 
      WATER            0.22829        0.22829        0.97767        0.50719     
      BUTANOL          0.77844E-03    0.77844E-03    0.24057E-02    0.36600     
      NACL             0.75186        0.75186        0.46930E-78    0.73922E-79 
      HCL              0.23548E-04    0.23548E-04    0.19678E-01     98.966     
      LA               0.16840E-04    0.16840E-04    0.11722E-06    0.82439E-03 
      FA               0.21852E-05    0.21852E-05    0.91896E-05    0.49806     
      HMF              0.10801E-02    0.10801E-02    0.27183E-05    0.29805E-03 
      DMF              0.46083E-04    0.46083E-04    0.23864E-03    0.61330     
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BLOCK:  HX-107   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S112B    
   OUTLET STREAM:         S112C    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            8189.78         8189.78         0.00000     
       MASS(LB/HR   )            231279.         231279.         0.00000     
       ENTHALPY(BTU/HR  )      -0.106757E+10   -0.944992E+09   -0.114822     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       345.200       
   SPECIFIED PRESSURE                   PSIA                     29.0075      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    345.20     
   OUTLET PRESSURE       PSIA                                 29.008     
   HEAT DUTY             BTU/HR                              0.12258E+09 
   OUTLET VAPOR FRACTION                                     0.70024     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.53703E-02    0.17914E-01    0.58080E-06    0.32422E-04 
      WATER            0.76240        0.22766        0.99130         4.3542     
      BUTANOL          0.19525E-02    0.77699E-03    0.24556E-02     3.1604     
      NACL             0.22556        0.75247        0.55630E-79    0.73929E-79 
      HCL              0.42430E-02    0.23510E-04    0.60492E-02     257.30     
      LA               0.54623E-05    0.16847E-04    0.58895E-06    0.34960E-01 
      FA               0.53831E-05    0.21801E-05    0.67543E-05     3.0981     
      HMF              0.33833E-03    0.10807E-02    0.20544E-04    0.19010E-01 
      DMF              0.12964E-03    0.45979E-04    0.16545E-03     3.5983     
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 BLOCK:  P-105    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S116     
   OUTLET STREAM:         S116B    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            21739.0         21739.0         0.00000     
       MASS(LB/HR   )           0.130070E+07    0.130070E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.281355E+10   -0.281347E+10   -0.282106E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  29.0075      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      27,750.5         
    PRESSURE CHANGE  PSI                                   13.0534      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        26.3446      
    BRAKE POWER  HP                                        31.1943      
    ELECTRICITY  KW                                        23.2616      
    PUMP EFFICIENCY USED                                    0.84453     
    NET WORK REQUIRED  HP                                  31.1943      
    HEAD DEVELOPED FT-LBF/LB                               40.1032      
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 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S103     
   OUTLET STREAM:         S104     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            32303.3         32303.3         0.00000     
       MASS(LB/HR   )           0.169994E+07    0.169994E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.426410E+10   -0.426208E+10   -0.474932E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 275.572       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      38,059.0         
    PRESSURE CHANGE  PSI                                  246.564       
    NPSH AVAILABLE   FT-LBF/LB                             46.8823      
    FLUID POWER  HP                                       682.471       
    BRAKE POWER  HP                                       795.918       
    ELECTRICITY  KW                                       593.516       
    PUMP EFFICIENCY USED                                    0.85746     
    NET WORK REQUIRED  HP                                 795.918       
    HEAD DEVELOPED FT-LBF/LB                              794.906       
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BLOCK:  R-101    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S106     
   OUTLET STREAM:         S107     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         32303.3       32740.7       437.369       0.00000     
   MASS(LB/HR   )        0.169994E+07  0.169994E+07               -0.273928E-15 
   ENTHALPY(BTU/HR  )   -0.402871E+10 -0.402871E+10                0.473439E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     GLUCOSE   -1.00    WATER      3.00    HMF        1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER     -2.00    LA         1.00    FA         1.00    HMF       -1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:GLUCOSE  CONV FRAC: 0.7500     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:HMF      CONV FRAC: 0.2500     
 
 
 
 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    PSIA                              275.572       
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    355.84     
   OUTLET PRESSURE       PSIA                                 275.57     
   VAPOR FRACTION                                             0.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  146.60     
      2                  2.4439     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      GLUCOSE          0.14926E-02    0.14926E-02    0.10102E-07    0.38795E-05 
      WATER            0.38527        0.38527        0.64644        0.96176     
      BUTANOL          0.54265        0.54265        0.31220        0.32977     
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      NACL             0.62753E-01    0.62753E-01    0.57945E-81    0.52927E-80 
      HCL              0.11805E-02    0.11805E-02    0.40397E-01     19.616     
      LA               0.75908E-04    0.75908E-04    0.41824E-06    0.31582E-02 
      FA               0.74808E-04    0.74808E-04    0.32632E-04    0.25003     
      HMF              0.47017E-02    0.47017E-02    0.14492E-04    0.17668E-02 
      DMF              0.18015E-02    0.18015E-02    0.90725E-03    0.28866     
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BLOCK:  R-103    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S114     
   OUTLET STREAMS:        S115        S116     
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            21741.2         21741.2        0.501993E-15 
       MASS(LB/HR   )           0.130081E+07    0.130081E+07    0.536969E-15 
       ENTHALPY(BTU/HR  )      -0.281399E+10   -0.281394E+10   -0.194119E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S115     
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S116     
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S115      CPT= FA        FRACTION=          1.00000     
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                               54625.     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S116       MIXED                 1.00000     
 
  COMPONENT = BUTANOL  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S116       MIXED                 1.00000     
 
  COMPONENT = HCL      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S116       MIXED                 1.00000     
 
  COMPONENT = LA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S116       MIXED                 1.00000     
 
  COMPONENT = FA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S115       MIXED                 1.00000     
 
  COMPONENT = DMF      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S116       MIXED                 1.00000   
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   BLOCK:  P102      MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-117      
   OUTLET STREAM:         S-118    
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            868.871         868.871        0.261689E-15 
       MASS(KG/HR   )            64482.8         64482.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.177972E+08   -0.177899E+08   -0.405341E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   10.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,431.55        
    PRESSURE CHANGE  BAR                                    8.69592     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                        20.7477      
    BRAKE POWER  KW                                        30.2105      
    ELECTRICITY  KW                                        30.2105      
    PUMP EFFICIENCY USED                                    0.68677     
    NET WORK REQUIRED  KW                                  30.2105      
    HEAD DEVELOPED M-KGF/KG                               118.116       
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BLOCK:  P-103      MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-129      
   OUTLET STREAM:         S-130    
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            962.037         962.037         0.00000     
       MASS(KG/HR   )            80730.2         80730.2         0.00000     
       ENTHALPY(CAL/SEC )      -0.138169E+08   -0.138152E+08   -0.121022E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.50000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         2,033.17        
    PRESSURE CHANGE  BAR                                    1.48675     
    NPSH AVAILABLE   M-KGF/KG                               5.25785     
    FLUID POWER  KW                                         5.03804     
    BRAKE POWER  KW                                         7.00105     
    ELECTRICITY  KW                                         7.00105     
    PUMP EFFICIENCY USED                                    0.71961     
    NET WORK REQUIRED  KW                                   7.00105     
    HEAD DEVELOPED M-KGF/KG                                22.9090      
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BLOCK:  P-104      MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-131      
   OUTLET STREAM:         S-133   
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            769.629         769.629        0.147716E-15 
       MASS(KG/HR   )            66430.1         66430.1        0.219056E-15 
       ENTHALPY(CAL/SEC )      -0.963334E+07   -0.963196E+07   -0.143380E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.50000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,749.52        
    PRESSURE CHANGE  BAR                                    1.40000     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         4.08221     
    BRAKE POWER  KW                                         5.78291     
    ELECTRICITY  KW                                         5.78291     
    PUMP EFFICIENCY USED                                    0.70591     
    NET WORK REQUIRED  KW                                   5.78291     
    HEAD DEVELOPED M-KGF/KG                                22.5586      
 
  
  
160 
 
BLOCK:  C-102      MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-132b      STAGE   6 
    OUTLETS  - S-124      STAGE   1 
               S-125      STAGE  20 
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         991.559       991.559      0.502291E-05  0.343964E-15 
   MASS(KG/HR   )         64853.8       64853.8                     0.00000     
   ENTHALPY(CAL/SEC )   -0.199963E+08 -0.191695E+08               -0.413456E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        20 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       3.95000     
    DISTILLATE TO FEED RATIO                                 0.43700     
 
   **** REAC-STAGES SPECIFICATIONS **** 
 
    STAGE  TO  STAGE            REACTIONS/CHEMISTRY ID 
      1         20                     GLOBAL   
 
 
        *****  CHEMISTRY PARAGRAPH GLOBAL  ***** 
 
 
          ****  REACTION PARAMETERS  **** 
 
   RXN NO. TYPE         PHASE      CONC.    TEMP APP TO EQUIL    CONVERSION 
                                   BASIS            C                
      1    EQUILIBRIUM  LIQUID     MOLE-GAMMA      0.0000     
 
        **  STOICHIOMETRIC COEFFICIENTS  ** 
 
   RXN NO.    WATER        BUTANOL      HCL          LA           FA       
      1       0.000        0.000       -1.000        0.000        0.000     
 
   RXN NO.    HMF          DMF          HEXANE       NA+          H+       
      1       0.000        0.000        0.000        0.000        1.000     
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   RXN NO.    CL-      
      1       1.000     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.10000     
 
    TEMP-EST        STAGE   1  TEMP, C                      97.4076      
                            2                              108.604       
                            3                              115.840       
                            4                              118.910       
                            5                              120.064       
                            6                              120.667       
                            7                              123.151       
                            8                              124.167       
                            9                              124.692       
                           10                              125.047       
                           11                              125.332       
                           12                              125.582       
                           13                              125.811       
                           14                              126.027       
                           15                              126.234       
                           16                              126.434       
                           17                              126.629       
                           18                              126.821       
                           19                              127.011       
                           20                              127.394       
 
   X-EST 
   STAGE       WATER       BUTANOL     HCL         LA          FA          HMF      
      1         0.4155      0.4400   1.2299-06   5.4862-16   1.9522-05   1.6104-17 
      2         0.1580      0.7062   4.4433-07   2.7051-13   2.2242-05   2.0917-14 
      3      5.8874-02      0.8442   1.9452-07   6.2952-11   1.8403-05   1.2283-11 
      4      3.2804-02      0.8989   1.2702-07   1.2042-08   1.4295-05   5.8254-09 
      5      2.6527-02      0.9213   1.0989-07   2.1590-06   1.1444-05   2.5722-06 
      6      2.5281-02      0.9284   1.0664-07   3.7578-04   9.6497-06   1.0988-03 
      7      6.8788-03      0.9597   4.0051-08   3.7497-04   8.0775-06   1.0962-03 
      8      1.8166-03      0.9744   1.4977-08   3.7498-04   6.5861-06   1.0962-03 
      9      4.7335-04      0.9825   5.6115-09   3.7515-04   5.3163-06   1.0967-03 
     10      1.2251-04      0.9875   2.1106-09   3.7526-04   4.2692-06   1.0970-03 
     11      3.1591-05      0.9907   7.9734-10   3.7528-04   3.4154-06   1.0970-03 
     12      8.1320-06      0.9929   3.0261-10   3.7524-04   2.7222-06   1.0969-03 
     13      2.0918-06      0.9944   1.1538-10   3.7514-04   2.1607-06   1.0966-03 
     14      5.3813-07      0.9954   4.4196-11   3.7500-04   1.7062-06   1.0962-03 
     15      1.3850-07      0.9961   1.7003-11   3.7484-04   1.3382-06   1.0957-03 
     16      3.5674-08      0.9965   6.5659-12   3.7467-04   1.0403-06   1.0951-03 
     17      9.1929-09      0.9969   2.5411-12   3.7448-04   7.9880-07   1.0946-03 
     18      2.3662-09      0.9971   9.8174-13   3.7432-04   6.0289-07   1.0940-03 
     19      6.0418-10      0.9972   3.7468-13   3.8241-04   4.4377-07   1.1041-03 
     20      1.5709-10      0.9866   1.4039-13   1.9736-03   3.1137-07   5.7854-03 
 
   X-EST 
   STAGE       DMF         HEXANE      NA+         H+          CL-      
      1         0.1445   7.1733-13     MISSING   1.1629-08   1.1629-08 
      2         0.1357   4.2024-14     MISSING   1.7760-10   1.7760-10 
      3      9.6955-02   1.0501-14     MISSING   3.7302-11   3.7302-11 
      4      6.8246-02   8.4791-15     MISSING   1.3792-11   1.3792-11 
      5      5.2154-02   8.0431-15     MISSING   7.4627-12   7.4627-12 
      6      4.3759-02   7.9071-15   5.2367-04   1.8748-17   5.2367-04 
      7      3.0861-02   4.8489-16   5.2241-04   1.6561-18   5.2241-04 
      8      2.1245-02   2.8905-17   5.2238-04   2.3696-19   5.2238-04 
      9      1.4505-02   1.6901-18   5.2257-04   4.5004-20   5.2257-04 
     10      9.8719-03   9.7730-20   5.2271-04   1.0350-20   5.2271-04 
     11      6.7071-03   5.7851-21   5.2272-04   2.7331-21   5.2272-04 
     12      4.5509-03   1.3937-21   5.2264-04   7.9876-22   5.2264-04 
     13      3.0830-03   2.4995-22   5.2249-04   2.5143-22   5.2249-04 
     14      2.0838-03   2.1384-22   5.2229-04   8.3529-23   5.2229-04 
     15      1.4032-03   2.1159-22   5.2205-04   2.8854-23   5.2205-04 
     16      9.3940-04     MISSING   5.2179-04   1.0249-23   5.2179-04 
     17      6.2293-04     MISSING   5.2152-04   3.7101-24   5.2152-04 
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     18      4.0676-04     MISSING   5.2124-04   1.3562-24   5.2124-04 
     19      2.5892-04     MISSING   5.2123-04   4.9512-25   5.2123-04 
     20      1.5622-04     MISSING   2.7622-03   1.9598-24   2.7622-03 
 
   Y-EST 
   STAGE       WATER       BUTANOL     HCL         LA          FA          HMF      
      1         0.6511      0.2536   3.0296-06   4.6713-19   1.0526-05   4.8660-21 
      2         0.4155      0.4400   1.2415-06   5.4862-16   1.9522-05   1.6104-17 
      3         0.2105      0.6520   6.0689-07   2.1551-13   2.1687-05   1.6659-14 
      4         0.1319      0.7614   4.0894-07   5.0062-11   1.8632-05   9.7676-12 
      5         0.1113      0.8048   3.5563-07   9.5721-09   1.5367-05   4.6305-09 
      6         0.1064      0.8224   3.4239-07   1.7154-06   1.3104-05   2.0437-06 
      7      3.1195-02      0.9148   1.3158-07   1.9876-06   1.1834-05   2.4016-06 
      8      8.4832-03      0.9535   4.9393-08   2.0984-06   9.8889-06   2.5501-06 
      9      2.2402-03      0.9716   1.8470-08   2.1495-06   8.0495-06   2.6200-06 
     10      5.8379-04      0.9816   6.9207-09   2.1792-06   6.4841-06   2.6615-06 
     11      1.5110-04      0.9877   2.6031-09   2.1999-06   5.1930-06   2.6911-06 
     12      3.8965-05      0.9917   9.8341-10   2.2161-06   4.1398-06   2.7148-06 
     13      1.0030-05      0.9944   3.7319-10   2.2297-06   3.2848-06   2.7349-06 
     14      2.5798-06      0.9962   1.4227-10   2.2415-06   2.5921-06   2.7527-06 
     15      6.6356-07      0.9975   5.4469-11   2.2522-06   2.0314-06   2.7690-06 
     16      1.7074-07      0.9983   2.0933-11   2.2621-06   1.5775-06   2.7843-06 
     17      4.3946-08      0.9989   8.0623-12   2.2715-06   1.2100-06   2.7989-06 
     18      1.1296-08      0.9993   3.0999-12   2.2807-06   9.1225-07   2.8130-06 
     19      2.8800-09      0.9995   1.1774-12   2.3402-06   6.7070-07   2.8544-06 
     20      7.0817-10      0.9997   4.2917-13   1.2313-05   4.7456-07   1.5281-05 
 
   Y-EST 
   STAGE       DMF         HEXANE      NA+         H+          CL-      
      1      9.5333-02   2.2292-11     MISSING     MISSING     MISSING 
      2         0.1445   7.1733-13     MISSING     MISSING     MISSING 
      3         0.1375   1.7961-13     MISSING     MISSING     MISSING 
      4         0.1067   1.5523-13     MISSING     MISSING     MISSING 
      5      8.3883-02   1.5388-13     MISSING     MISSING     MISSING 
      6      7.1123-02   1.5377-13     MISSING     MISSING     MISSING 
      7      5.3960-02   9.7569-15     MISSING     MISSING     MISSING 
      8      3.8023-02   5.9799-16     MISSING     MISSING     MISSING 
      9      2.6163-02   3.5651-17     MISSING     MISSING     MISSING 
     10      1.7854-02   2.0885-18     MISSING     MISSING     MISSING 
     11      1.2140-02   1.2466-19     MISSING     MISSING     MISSING 
     12      8.2362-03   3.0187-20     MISSING     MISSING     MISSING 
     13      5.5764-03   5.4301-21     MISSING     MISSING     MISSING 
     14      3.7658-03   4.6525-21     MISSING     MISSING     MISSING 
     15      2.5332-03   4.6057-21     MISSING     MISSING     MISSING 
     16      1.6939-03     MISSING     MISSING     MISSING     MISSING 
     17      1.1218-03     MISSING     MISSING     MISSING     MISSING 
     18      7.3155-04     MISSING     MISSING     MISSING     MISSING 
     19      4.6504-04     MISSING     MISSING     MISSING     MISSING 
     20      2.8281-04     MISSING     MISSING     MISSING     MISSING 
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S25          S26      
    COMPONENT: 
    WATER       1.0000       .48709E-09 
    BUTANOL     .25715       .74285     
    HCL         1.0000       .14706E-06 
    LA          .21583E-12   1.0000     
    FA          .97987       .20135E-01 
    HMF         .21613E-14   1.0000     
    DMF         .99861       .13911E-02 
    HEXANE      1.0000       .20255E-10 
    NA+         0.0000       1.0000     
    H+          1.0000       0.0000     
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    CL-         .32622E-05   1.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        97.4109      
    BOTTOM STAGE TEMPERATURE       C                       127.394       
    TOP STAGE LIQUID FLOW          KMOL/HR               1,711.58        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                 558.248       
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               2,400.17        
    MOLAR REFLUX RATIO                                       3.95000     
    MOLAR BOILUP RATIO                                       4.29946     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -5,866,600.          
    REBOILER DUTY                  CAL/SEC           6,693,350.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    BUBBLE POINT                    0.45387E-07  STAGE=  2 
    COMPONENT MASS BALANCE          0.97883E-13  STAGE= 17 COMP=HEXANE   
    ENERGY BALANCE                  0.15904E-07  STAGE=  2 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   97.411        1.1000       -65332.      -56001.      -.58666+07 
   2   108.61        1.2379       -67093.      -55486.                 
   5   120.06        1.2627       -70838.      -59219.                 
   6   120.67        1.2710       -71180.      -59693.                 
   7   123.15        1.2793       -71705.      -60678.                 
  18   126.82        1.3703       -72755.      -62676.                 
  19   127.01        1.3785       -72751.      -62679.                 
  20   127.39        1.3868       -72908.      -62675.       .66934+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  2145.      0.000                                      433.3112           
   2  1693.      2145.                                                         
   5  1676.      2112.                                                         
   6  2945.      2109.       991.5588                                          
   7  2952.      2386.                                                         
  18  2958.      2398.                                                         
  19  2958.      2400.                                                         
  20  558.2      2400.                                      558.2476           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.1158E+06  0.000                                     .23397+05           
   2 0.1156E+06 0.1158E+06                                                     
   5 0.1236E+06 0.1473E+06                                                     
   6 0.2170E+06 0.1470E+06  .64854+05                                          
   7 0.2197E+06 0.1755E+06                                                     
  18 0.2194E+06 0.1778E+06                                                     
  19 0.2194E+06 0.1779E+06                                                     
  20 0.4146E+05 0.1779E+06                                 .41456+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       HCL           LA            FA       
      1    0.41541       0.43998       0.12295E-05   0.54860E-15   0.19515E-04 
      2    0.15796       0.70619       0.44413E-06   0.27044E-12   0.22231E-04 
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      5    0.26521E-01   0.92127       0.10985E-06   0.21583E-05   0.11439E-04 
      6    0.25274E-01   0.92840       0.10660E-06   0.37566E-03   0.96457E-05 
      7    0.68772E-02   0.95971       0.40037E-07   0.37485E-03   0.80743E-05 
     18    0.23658E-08   0.99708       0.98141E-12   0.37421E-03   0.60268E-06 
     19    0.60408E-09   0.99721       0.37456E-12   0.38229E-03   0.44362E-06 
     20    0.15706E-09   0.98656       0.14034E-12   0.19730E-02   0.31126E-06 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     HMF           DMF           HEXANE        NA+           H+       
      1    0.16104E-16   0.14460       0.44048E-12   0.10000E-29   0.11605E-07 
      2    0.20912E-13   0.13583       0.25812E-13   0.10000E-29   0.17768E-09 
      5    0.25714E-05   0.52192E-01   0.49395E-14   0.10000E-29   0.74710E-11 
      6    0.10984E-02   0.43792E-01   0.48559E-14   0.52351E-03   0.18775E-16 
      7    0.10959E-02   0.30885E-01   0.29780E-15   0.52225E-03   0.16582E-17 
     18    0.10937E-02   0.40710E-03   0.10000E-29   0.52107E-03   0.13556E-23 
     19    0.11037E-02   0.25913E-03   0.10000E-29   0.52106E-03   0.49486E-24 
     20    0.57835E-02   0.15635E-03   0.69250E-23   0.27614E-02   0.19577E-23 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     CL-      
      1    0.11605E-07 
      2    0.17768E-09 
      5    0.74710E-11 
      6    0.52351E-03 
      7    0.52225E-03 
     18    0.52107E-03 
     19    0.52106E-03 
     20    0.27614E-02 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       HCL           LA            FA       
      1    0.65093       0.25362       0.30293E-05   0.46733E-18   0.10526E-04 
      2    0.41541       0.43998       0.12411E-05   0.54860E-15   0.19515E-04 
      5    0.11128       0.80476       0.35551E-06   0.95691E-08   0.15361E-04 
      6    0.10642       0.82239       0.34227E-06   0.17149E-05   0.13098E-04 
      7    0.31186E-01   0.91480       0.13154E-06   0.19869E-05   0.11829E-04 
     18    0.11294E-07   0.99926       0.30989E-11   0.22800E-05   0.91193E-06 
     19    0.28795E-08   0.99953       0.11770E-11   0.23395E-05   0.67047E-06 
     20    0.70805E-09   0.99969       0.42903E-12   0.12309E-04   0.47440E-06 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     HMF           DMF           HEXANE        NA+           H+       
      1    0.48683E-20   0.95442E-01   0.13679E-10    0.0000        0.0000     
      2    0.16104E-16   0.14460       0.44048E-12    0.0000        0.0000     
      5    0.46291E-08   0.83944E-01   0.94490E-13    0.0000        0.0000     
      6    0.20431E-05   0.71177E-01   0.94422E-13    0.0000        0.0000     
      7    0.24008E-05   0.54000E-01   0.59919E-14    0.0000        0.0000     
     18    0.28121E-05   0.73216E-03   0.21726E-28    0.0000        0.0000     
     19    0.28535E-05   0.46542E-03   0.21698E-28    0.0000        0.0000     
     20    0.15276E-04   0.28304E-03   0.14495E-21    0.0000        0.0000     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     CL-      
      1     0.0000     
      2     0.0000     
      5     0.0000     
      6     0.0000     
      7     0.0000     
     18     0.0000     
     19     0.0000     
     20     0.0000     
 
                         ****   K-VALUES           **** 
   STAGE     WATER         BUTANOL       HCL           LA            FA       
      1     1.5670       0.57643        2.4639       0.85185E-03   0.53940     
      2     2.6299       0.62302        2.7944       0.20286E-02   0.87784     
      5     4.1959       0.87354        3.2363       0.44337E-02    1.3428     
      6     4.2106       0.88581        3.2108       0.45649E-02    1.3579     
      7     4.5347       0.95320        3.2854       0.53005E-02    1.4651     
     18     4.7739        1.0022        3.1575       0.60929E-02    1.5131     
     19     4.7668        1.0023        3.1425       0.61197E-02    1.5114     
165 
 
     20     4.5083        1.0133        3.0570       0.62389E-02    1.5241     
 
                         ****   K-VALUES           **** 
   STAGE     HMF           DMF           HEXANE        NA+           H+       
      1    0.30230E-03   0.66006        31.054        0.0000        0.0000     
      2    0.77010E-03    1.0646        17.065        0.0000        0.0000     
      5    0.18002E-02    1.6084        19.129        0.0000        0.0000     
      6    0.18600E-02    1.6253        19.445        0.0000        0.0000     
      7    0.21907E-02    1.7485        20.120        0.0000        0.0000     
     18    0.25712E-02    1.7985        21.726        0.0000        0.0000     
     19    0.25853E-02    1.7961        21.698        0.0000        0.0000     
     20    0.26414E-02    1.8104        20.931        0.0000        0.0000     
 
                         ****   K-VALUES           **** 
   STAGE     CL-      
      1     0.0000     
      2     0.0000     
      5     0.0000     
      6     0.0000     
      7     0.0000     
     18     0.0000     
     19     0.0000     
     20     0.0000     
 
                     ****     RATES OF GENERATION      **** 
                                KMOL/HR          
   STAGE     WATER       BUTANOL     HCL         LA          FA          HMF      
      1    0.000       0.000      -.2489E-04   0.000       0.000       0.000     
      2    0.000       0.000      0.1956E-04   0.000       0.000       0.000     
      5    0.000       0.000      0.1067E-07   0.000       0.000       0.000     
      6    0.000       0.000      0.1835E-07   0.000       0.000       0.000     
      7    0.000       0.000      0.5039E-13   0.000       0.000       0.000     
     18    0.000       0.000      0.6954E-20   0.000       0.000       0.000     
     19    0.000       0.000      0.2546E-20   0.000       0.000       0.000     
     20    0.000       0.000      0.3709E-21   0.000       0.000       0.000     
 
                     ****     RATES OF GENERATION      **** 
                                KMOL/HR          
   STAGE     DMF         HEXANE      NA+         H+          CL-      
      1    0.000       0.000       0.000      0.2489E-04  0.2489E-04 
      2    0.000       0.000       0.000      -.1956E-04  -.1956E-04 
      5    0.000       0.000       0.000      -.1067E-07  -.1067E-07 
      6    0.000       0.000       0.000      -.1835E-07  -.1835E-07 
      7    0.000       0.000       0.000      -.5039E-13  -.5039E-13 
     18    0.000       0.000       0.000      -.6954E-20  -.6954E-20 
     19    0.000       0.000       0.000      -.2546E-20  -.2546E-20 
     20    0.000       0.000       0.000      -.3709E-21  -.3709E-21 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       HCL           LA            FA       
      1    0.13860       0.60397       0.83019E-06   0.11797E-14   0.16634E-04 
      2    0.41695E-01   0.76698       0.23727E-06   0.46012E-12   0.14992E-04 
      5    0.64754E-02   0.92551       0.54283E-07   0.33966E-05   0.71356E-05 
      6    0.61785E-02   0.93380       0.52741E-07   0.59191E-03   0.60242E-05 
      7    0.16643E-02   0.95560       0.19610E-07   0.58470E-03   0.49921E-05 
     18    0.57473E-09   0.99662       0.48252E-12   0.58594E-03   0.37405E-06 
     19    0.14676E-09   0.99678       0.18416E-12   0.59861E-03   0.27534E-06 
     20    0.38101E-10   0.98472       0.68906E-13   0.30850E-02   0.19291E-06 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     HMF           DMF           HEXANE        NA+           H+       
      1    0.37612E-16   0.25742       0.70299E-12   0.42575E-30   0.21652E-09 
      2    0.38641E-13   0.19131       0.32593E-13   0.33685E-30   0.26227E-11 
      5    0.43950E-05   0.67999E-01   0.57693E-14   0.31158E-30   0.10201E-12 
      6    0.18797E-02   0.57124E-01   0.56785E-14   0.16331E-03   0.25666E-18 
      7    0.18565E-02   0.39882E-01   0.34475E-15   0.16128E-03   0.22440E-19 
     18    0.18599E-02   0.52771E-03   0.11621E-29   0.16154E-03   0.18415E-25 
     19    0.18771E-02   0.33592E-03   0.11621E-29   0.16154E-03   0.67226E-26 
     20    0.98216E-02   0.20238E-03   0.80361E-23   0.85483E-03   0.26556E-25 
 
                         ****   MASS-X-PROFILE     **** 
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   STAGE     CL-      
      1    0.76199E-08 
      2    0.92302E-10 
      5    0.35899E-11 
      6    0.25185E-03 
      7    0.24872E-03 
     18    0.24912E-03 
     19    0.24912E-03 
     20    0.13183E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       HCL           LA            FA       
      1    0.29538       0.47351       0.27820E-05   0.13668E-17   0.12203E-04 
      2    0.13860       0.60397       0.83803E-06   0.11797E-14   0.16634E-04 
      5    0.28751E-01   0.85551       0.18590E-06   0.15936E-07   0.10139E-04 
      6    0.27499E-01   0.87435       0.17900E-06   0.28561E-05   0.86471E-05 
      7    0.76376E-02   0.92178       0.65197E-07   0.31363E-05   0.74014E-05 
     18    0.27444E-08   0.99904       0.15240E-11   0.35710E-05   0.56613E-06 
     19    0.69976E-09   0.99939       0.57890E-12   0.36644E-05   0.41626E-06 
     20    0.17207E-09   0.99959       0.21102E-12   0.19281E-04   0.29454E-06 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     HMF           DMF           HEXANE        NA+           H+       
      1    0.15464E-19   0.23110       0.29692E-10    0.0000        0.0000     
      2    0.37612E-16   0.25742       0.70299E-12    0.0000        0.0000     
      5    0.83725E-08   0.11573       0.11678E-12    0.0000        0.0000     
      6    0.36957E-05   0.98140E-01   0.11671E-12    0.0000        0.0000     
      7    0.41159E-05   0.70567E-01   0.70195E-14    0.0000        0.0000     
     18    0.47835E-05   0.94932E-03   0.25253E-28    0.0000        0.0000     
     19    0.48542E-05   0.60352E-03   0.25223E-28    0.0000        0.0000     
     20    0.25989E-04   0.36703E-03   0.16851E-21    0.0000        0.0000     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     CL-      
      1     0.0000     
      2     0.0000     
      5     0.0000     
      6     0.0000     
      7     0.0000     
     18     0.0000     
     19     0.0000     
     20     0.0000     
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BLOCK:  C-103      MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-130      STAGE  50 
    OUTLETS  - S-131      STAGE   1 
               S-132      STAGE  70 
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         962.037       962.037       0.00000     -0.118173E-15 
   MASS(KG/HR   )         80730.2       80730.2                    0.180254E-15 
   ENTHALPY(CAL/SEC )   -0.138152E+08 -0.134750E+08               -0.246227E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        70 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       2.62000     
    DISTILLATE TO FEED RATIO                                 0.80000     
 
   **** REAC-STAGES SPECIFICATIONS **** 
 
    STAGE  TO  STAGE            REACTIONS/CHEMISTRY ID 
      1         70                     GLOBAL   
 
 
        *****  CHEMISTRY PARAGRAPH GLOBAL  ***** 
 
 
          ****  REACTION PARAMETERS  **** 
 
   RXN NO. TYPE         PHASE      CONC.    TEMP APP TO EQUIL    CONVERSION 
                                   BASIS            C                
      1    EQUILIBRIUM  LIQUID     MOLE-GAMMA      0.0000     
 
        **  STOICHIOMETRIC COEFFICIENTS  ** 
 
   RXN NO.    WATER        BUTANOL      FA           DMF          HEXANE   
      1       0.000        0.000        0.000        0.000        0.000     
 
   ****    PROFILES   **** 
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    P-SPEC          STAGE   1  PRES, BAR                     1.10000     
 
    TEMP-EST        STAGE   1  TEMP, C                      62.8000      
                            2                               78.1000      
                            3                               80.6000      
                            4                               83.1000      
                            5                               85.5000      
                            6                               87.6000      
                            7                               89.2000      
                            8                               90.4000      
                            9                               91.3000      
                           10                               91.9000      
                           11                               92.4000      
                           12                               92.8000      
                           13                               93.1000      
                           14                               93.3000      
                           15                               93.6000      
                           16                               93.8000      
                           17                               94.0000      
                           18                               94.2000      
                           19                               94.4000      
                           20                               94.6000      
                           21                               94.8000      
                           22                               95.0000      
                           23                               95.2000      
                           24                               95.4000      
                           25                               95.6000      
                           26                               95.8000      
                           27                               96.0000      
                           28                               96.2000      
                           29                               96.4000      
                           30                               96.6000      
                           31                               96.8000      
                           32                               96.9000      
                           33                               97.1000      
                           34                               97.3000      
                           35                               97.5000      
                           36                               97.7000      
                           37                               97.9000      
                           38                               98.1000      
                           39                               98.3000      
                           40                               98.6000      
                           41                               98.8000      
                           42                               99.0000      
                           43                               99.3000      
                           44                               99.5000      
                           45                               99.8000      
                           46                              100.200       
                           47                              100.600       
                           48                              101.100       
                           49                              101.600       
                           50                              102.400       
                           51                              107.300       
                           52                              110.300       
                           53                              112.100       
                           54                              113.200       
                           55                              114.000       
                           56                              115.000       
                           57                              116.200       
                           58                              117.900       
                           59                              120.100       
                           60                              122.700       
                           61                              125.400       
                           62                              127.800       
                           63                              129.900       
                           64                              131.400       
                           65                              132.600       
                           66                              133.500       
                           67                              134.100       
                           68                              134.600       
                           69                              134.900       
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                           70                              135.200       
 
   X-EST 
   STAGE       WATER       BUTANOL     FA          DMF         HEXANE   
      1      1.0000-02   1.4640-07   2.6430-09   8.2210-02      0.9078 
      2      4.1140-04   1.4880-07   6.5350-09      0.1622      0.8374 
      3      2.2810-04   1.7740-07   1.2630-08      0.2584      0.7414 
      4      3.9100-04   2.3550-07   2.1210-08      0.3600      0.6396 
      5      6.4370-04   3.3000-07   3.2120-08      0.4530      0.5463 
      6      9.4500-04   4.7210-07   4.5020-08      0.5281      0.4710 
      7      1.2520-03   6.7750-07   5.9690-08      0.5830      0.4157 
      8      1.5300-03   9.6820-07   7.6180-08      0.6204      0.3781 
      9      1.7560-03   1.3740-06   9.4810-08      0.6446      0.3537 
     10      1.9270-03   1.9350-06   1.1610-07      0.6597      0.3384 
     11      2.0460-03   2.7040-06   1.4060-07      0.6689      0.3290 
     12      2.1240-03   3.7540-06   1.6920-07      0.6744      0.3234 
     13      2.1710-03   5.1810-06   2.0270-07      0.6776      0.3202 
     14      2.1970-03   7.1100-06   2.4210-07      0.6793      0.3185 
     15      2.2090-03   9.7090-06   2.8850-07      0.6802      0.3176 
     16      2.2110-03   1.3200-05   3.4330-07      0.6805      0.3173 
     17      2.2080-03   1.7870-05   4.0800-07      0.6805      0.3173 
     18      2.2010-03   2.4110-05   4.8460-07      0.6803      0.3174 
     19      2.1930-03   3.2400-05   5.7530-07      0.6800      0.3178 
     20      2.1820-03   4.3400-05   6.8250-07      0.6796      0.3181 
     21      2.1720-03   5.7950-05   8.0930-07      0.6792      0.3186 
     22      2.1600-03   7.7130-05   9.5940-07      0.6788      0.3190 
     23      2.1490-03   1.0230-04   1.1370-06      0.6783      0.3195 
     24      2.1380-03   1.3540-04   1.3470-06      0.6778      0.3199 
     25      2.1270-03   1.7860-04   1.5960-06      0.6773      0.3204 
     26      2.1150-03   2.3500-04   1.8900-06      0.6768      0.3208 
     27      2.1040-03   3.0830-04   2.2370-06      0.6763      0.3213 
     28      2.0940-03   4.0340-04   2.6490-06      0.6758      0.3217 
     29      2.0830-03   5.2650-04   3.1350-06      0.6753      0.3221 
     30      2.0730-03   6.8530-04   3.7100-06      0.6748      0.3224 
     31      2.0630-03   8.8980-04   4.3900-06      0.6743      0.3227 
     32      2.0530-03   1.1530-03   5.1940-06      0.6738      0.3230 
     33      2.0440-03   1.4900-03   6.1430-06      0.6733      0.3232 
     34      2.0360-03   1.9210-03   7.2660-06      0.6727      0.3233 
     35      2.0280-03   2.4720-03   8.5910-06      0.6722      0.3233 
     36      2.0210-03   3.1760-03   1.0160-05      0.6716      0.3232 
     37      2.0150-03   4.0730-03   1.2010-05      0.6709      0.3230 
     38      2.0100-03   5.2180-03   1.4190-05      0.6703      0.3225 
     39      2.0070-03   6.6780-03   1.6760-05      0.6696      0.3217 
     40      2.0060-03   8.5420-03   1.9800-05      0.6688      0.3207 
     41      2.0070-03   1.0930-02   2.3380-05      0.6679      0.3192 
     42      2.0110-03   1.3990-02   2.7590-05      0.6668      0.3171 
     43      2.0180-03   1.7940-02   3.2540-05      0.6656      0.3144 
     44      2.0310-03   2.3070-02   3.8340-05      0.6641      0.3108 
     45      2.0490-03   2.9790-02   4.5140-05      0.6621      0.3060 
     46      2.0750-03   3.8700-02   5.3060-05      0.6596      0.2996 
     47      2.1110-03   5.0680-02   6.2220-05      0.6560      0.2912 
     48      2.1590-03   6.7080-02   7.2710-05      0.6508      0.2799 
     49      2.2200-03   8.9990-02   8.4490-05      0.6428      0.2649 
     50      2.2960-03      0.1227   9.7240-05      0.6301      0.2448 
     51      1.7120-03      0.1251   1.3750-04      0.7470      0.1261 
     52      1.4720-03      0.1288   1.7860-04      0.8094   6.0150-02 
     53      1.3420-03      0.1350   2.2160-04      0.8360   2.7360-02 
     54      1.2380-03      0.1457   2.6810-04      0.8408   1.1980-02 
     55      1.1220-03      0.1640   3.1850-04      0.8295   5.0200-03 
     56      9.6990-04      0.1944   3.7120-04      0.8023   1.9710-03 
     57      7.7360-04      0.2426   4.2100-04      0.7555   6.9940-04 
     58      5.4760-04      0.3132   4.5940-04      0.6856   2.1390-04 
     59      3.3170-04      0.4064   4.7640-04      0.5927   5.3420-05 
     60      1.6810-04      0.5150   4.6530-04      0.4843   1.0450-05 
     61      7.1310-05      0.6258   4.2750-04      0.3737   1.5710-06 
     62      2.5860-05      0.7257   3.7150-04      0.2739   1.8390-07 
     63      8.2800-06      0.8071   3.0850-04      0.1926   1.7340-08 
     64      2.4170-06      0.8686   2.4740-04      0.1312   1.3770-09 
     65      6.6160-07      0.9125   1.9340-04   8.7310-02   9.6280-11 
     66      1.7340-07      0.9427   1.4820-04   5.7150-02   6.1490-12 
     67      4.4140-08      0.9630   1.1180-04   3.6910-02   3.6930-13 
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     68      1.1020-08      0.9764   8.3220-05   2.3540-02   2.1290-14 
     69      2.7120-09      0.9851   6.1020-05   1.4800-02   1.1940-15 
     70      6.5340-10      0.9908   4.3950-05   9.1170-03   6.5640-17 
 
   Y-EST 
   STAGE       WATER       BUTANOL     FA          DMF         HEXANE   
      1         0.2711   1.0020-07   6.3900-10   2.4940-02      0.7039 
      2      1.0000-02   1.4640-07   2.6430-09   8.2210-02      0.9078 
      3      2.9040-03   1.4820-07   5.5230-09      0.1414      0.8557 
      4      2.8000-03   1.6920-07   1.0000-08      0.2120      0.7852 
      5      2.9520-03   2.1180-07   1.6260-08      0.2860      0.7111 
      6      3.1630-03   2.8060-07   2.4190-08      0.3532      0.6436 
      7      3.4010-03   3.8370-07   3.3530-08      0.4072      0.5894 
      8      3.6370-03   5.3280-07   4.4140-08      0.4465      0.5498 
      9      3.8460-03   7.4350-07   5.6080-08      0.4733      0.5229 
     10      4.0150-03   1.0380-06   6.9570-08      0.4906      0.5054 
     11      4.1410-03   1.4440-06   8.4980-08      0.5014      0.4945 
     12      4.2290-03   2.0020-06   1.0280-07      0.5080      0.4878 
     13      4.2860-03   2.7640-06   1.2350-07      0.5119      0.4838 
     14      4.3210-03   3.7990-06   1.4780-07      0.5142      0.4815 
     15      4.3400-03   5.1980-06   1.7630-07      0.5154      0.4802 
     16      4.3480-03   7.0840-06   2.1000-07      0.5161      0.4796 
     17      4.3500-03   9.6180-06   2.4980-07      0.5163      0.4793 
     18      4.3470-03   1.3010-05   2.9680-07      0.5163      0.4793 
     19      4.3420-03   1.7530-05   3.5240-07      0.5162      0.4794 
     20      4.3350-03   2.3550-05   4.1820-07      0.5160      0.4796 
     21      4.3280-03   3.1540-05   4.9600-07      0.5158      0.4799 
     22      4.3190-03   4.2100-05   5.8810-07      0.5155      0.4802 
     23      4.3110-03   5.6020-05   6.9710-07      0.5152      0.4805 
     24      4.3020-03   7.4330-05   8.2600-07      0.5148      0.4808 
     25      4.2940-03   9.8330-05   9.7850-07      0.5145      0.4811 
     26      4.2850-03   1.2970-04   1.1590-06      0.5142      0.4814 
     27      4.2770-03   1.7060-04   1.3720-06      0.5139      0.4817 
     28      4.2690-03   2.2390-04   1.6250-06      0.5135      0.4820 
     29      4.2610-03   2.9290-04   1.9240-06      0.5132      0.4823 
     30      4.2530-03   3.8230-04   2.2770-06      0.5128      0.4825 
     31      4.2450-03   4.9760-04   2.6940-06      0.5125      0.4828 
     32      4.2380-03   6.4610-04   3.1880-06      0.5121      0.4830 
     33      4.2310-03   8.3690-04   3.7720-06      0.5117      0.4832 
     34      4.2240-03   1.0820-03   4.4610-06      0.5114      0.4833 
     35      4.2180-03   1.3950-03   5.2760-06      0.5110      0.4834 
     36      4.2130-03   1.7950-03   6.2380-06      0.5105      0.4835 
     37      4.2080-03   2.3060-03   7.3750-06      0.5101      0.4834 
     38      4.2040-03   2.9570-03   8.7170-06      0.5096      0.4832 
     39      4.2010-03   3.7880-03   1.0300-05      0.5091      0.4829 
     40      4.2000-03   4.8460-03   1.2170-05      0.5085      0.4825 
     41      4.2000-03   6.1980-03   1.4370-05      0.5078      0.4818 
     42      4.2030-03   7.9260-03   1.6960-05      0.5070      0.4808 
     43      4.2080-03   1.0140-02   2.0000-05      0.5061      0.4796 
     44      4.2170-03   1.3000-02   2.3580-05      0.5049      0.4778 
     45      4.2310-03   1.6710-02   2.7760-05      0.5035      0.4755 
     46      4.2500-03   2.1550-02   3.2650-05      0.5017      0.4725 
     47      4.2760-03   2.7960-02   3.8330-05      0.4993      0.4685 
     48      4.3120-03   3.6540-02   4.4870-05      0.4959      0.4632 
     49      4.3610-03   4.8240-02   5.2300-05      0.4911      0.4562 
     50      4.4250-03   6.4490-02   6.0550-05      0.4840      0.4471 
     51      2.4470-03   6.5410-02   1.0080-04      0.6711      0.2610 
     52      1.8250-03   6.7820-02   1.4370-04      0.7958      0.1344 
     53      1.5700-03   7.1760-02   1.8750-04      0.8624   6.4130-02 
     54      1.4310-03   7.8310-02   2.3330-04      0.8909   2.9170-02 
     55      1.3210-03   8.9510-02   2.8300-04      0.8961   1.2780-02 
     56      1.1970-03      0.1086   3.3690-04      0.8845   5.3560-03 
     57      1.0360-03      0.1405   3.9330-04      0.8560   2.1040-03 
     58      8.2690-04      0.1910   4.4690-04      0.8070   7.4760-04 
     59      5.8630-04      0.2653   4.8870-04      0.7334   2.2900-04 
     60      3.5580-04      0.3639   5.0780-04      0.6351   5.7300-05 
     61      1.8070-04      0.4793   4.9690-04      0.5200   1.1230-05 
     62      7.6820-05      0.5975   4.5710-04      0.4019   1.6930-06 
     63      2.7910-05      0.7047   3.9750-04      0.2949   1.9850-07 
     64      8.9480-06      0.7923   3.2990-04      0.2074   1.8740-08 
     65      2.6150-06      0.8586   2.6410-04      0.1412   1.4900-09 
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     66      7.1620-07      0.9060   2.0570-04   9.3780-02   1.0420-10 
     67      1.8770-07      0.9387   1.5690-04   6.1150-02   6.6610-12 
     68      4.7760-08      0.9607   1.1750-04   3.9230-02   4.0010-13 
     69      1.1890-08      0.9752   8.6500-05   2.4750-02   2.3060-14 
     70      2.8850-09      0.9847   6.2450-05   1.5270-02   1.2890-15 
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S33          S34      
    COMPONENT: 
    WATER       1.0000       .16288E-07 
    BUTANOL     .59023E-06   1.0000     
    FA          .24125E-03   .99976     
    DMF         .97307       .26930E-01 
    HEXANE      1.0000       0.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        62.7697      
    BOTTOM STAGE TEMPERATURE       C                       135.214       
    TOP STAGE LIQUID FLOW          KMOL/HR               2,016.43        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                 192.407       
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               2,297.14        
    MOLAR REFLUX RATIO                                       2.62000     
    MOLAR BOILUP RATIO                                      11.9389      
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -5,893,090.          
    REBOILER DUTY                  CAL/SEC           6,233,260.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.23326E-06  STAGE= 59 
    BUBBLE POINT                    0.36683E-06  STAGE= 52 
    COMPONENT MASS BALANCE          0.87510E-08  STAGE= 59 COMP=HEXANE   
    ENERGY BALANCE                  0.78586E-06  STAGE= 60 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   62.770        1.1000       -45061.      -43518.      -.58931+07 
   2   78.136        1.2379       -43330.      -37446.                 
   3   80.638        1.2462       -42346.      -36615.                 
   4   83.129        1.2544       -41326.      -35807.                 
  49   101.64        1.6268       -40707.      -33657.                 
  50   102.40        1.6350       -41781.      -34131.                 
  51   107.28        1.6433       -40606.      -32098.                 
  69   134.93        1.7922       -71674.      -61555.                 
  70   135.21        1.8005       -71879.      -61888.       .62333+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  2786.      0.000                                      769.6292           
   2  2191.      2786.                                                         
   3  2155.      2961.                                                         
   4  2118.      2925.                                                         
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  49  1947.      2741.                                                         
  50  3108.      2716.       962.0365                                          
  51  3101.      2915.                                                         
  69  2490.      2300.                                                         
  70  192.4      2297.                                      192.4073           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.2405E+06  0.000                                     .66430+05           
   2 0.1923E+06 0.2405E+06                                                     
   3 0.1912E+06 0.2587E+06                                                     
   4 0.1901E+06 0.2577E+06                                                     
  49 0.1778E+06 0.2472E+06                                                     
  50 0.2822E+06 0.2442E+06  .80730+05                                          
  51 0.2852E+06 0.2679E+06                                                     
  69 0.1853E+06 0.1717E+06                                                     
  70 0.1430E+05 0.1710E+06                                 .14300+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.99990E-02   0.14621E-06   0.26506E-08   0.82279E-01   0.90772     
      2    0.41166E-03   0.14867E-06   0.65539E-08   0.16235       0.83723     
      3    0.22829E-03   0.17728E-06   0.12662E-07   0.25856       0.74121     
      4    0.39131E-03   0.23541E-06   0.21263E-07   0.36018       0.63943     
     49    0.22196E-02   0.89993E-01   0.84542E-04   0.64281       0.26489     
     50    0.22952E-02   0.12271       0.97296E-04   0.63012       0.24478     
     51    0.17117E-02   0.12510       0.13761E-03   0.74699       0.12607     
     69    0.27044E-08   0.98515       0.60997E-04   0.14785E-01   0.11893E-14 
     70    0.65147E-09   0.99085       0.43938E-04   0.91084E-02   0.65353E-16 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.27095       0.10007E-06   0.64108E-09   0.24966E-01   0.70409     
      2    0.99990E-02   0.14621E-06   0.26506E-08   0.82279E-01   0.90772     
      3    0.29038E-02   0.14803E-06   0.55393E-08   0.14154       0.85556     
      4    0.27994E-02   0.16910E-06   0.10027E-07   0.21217       0.78503     
     49    0.43597E-02   0.48245E-01   0.52330E-04   0.49116       0.45618     
     50    0.44237E-02   0.64496E-01   0.60590E-04   0.48400       0.44702     
     51    0.24466E-02   0.65417E-01   0.10082E-03   0.67110       0.26094     
     69    0.11856E-07   0.97519       0.86470E-04   0.24725E-01   0.22962E-13 
     70    0.28764E-08   0.98468       0.62426E-04   0.15260E-01   0.12834E-14 
 
                         ****   K-VALUES           **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1     27.097       0.68447       0.24186       0.30343       0.77567     
      2     24.289       0.98344       0.40443       0.50679        1.0842     
      3     12.720       0.83501       0.43749       0.54741        1.1543     
      4     7.1539       0.71831       0.47158       0.58908        1.2277     
     49     1.9642       0.53610       0.61899       0.76408        1.7222     
     50     1.9274       0.52560       0.62274       0.76812        1.8262     
     51     1.4293       0.52292       0.73264       0.89841        2.0698     
     69     4.3840       0.98988        1.4176        1.6723        19.307     
     70     4.4152       0.99377        1.4208        1.6754        19.639     
 
                     ****     RATES OF GENERATION      **** 
                                KMOL/HR          
   STAGE     WATER       BUTANOL     FA          DMF         HEXANE   
      1    0.000       0.000       0.000       0.000       0.000     
      2    0.000       0.000       0.000       0.000       0.000     
      3    0.000       0.000       0.000       0.000       0.000     
      4    0.000       0.000       0.000       0.000       0.000     
     49    0.000       0.000       0.000       0.000       0.000     
     50    0.000       0.000       0.000       0.000       0.000     
     51    0.000       0.000       0.000       0.000       0.000     
     69    0.000       0.000       0.000       0.000       0.000     
     70    0.000       0.000       0.000       0.000       0.000     
 
                         ****   MASS-X-PROFILE     **** 
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   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.20870E-02   0.12556E-06   0.14134E-08   0.91635E-01   0.90628     
      2    0.84501E-04   0.12556E-06   0.34370E-08   0.17783       0.82209     
      3    0.46348E-04   0.14809E-06   0.65675E-08   0.28011       0.71985     
      4    0.78561E-04   0.19446E-06   0.10906E-07   0.38584       0.61408     
     49    0.43780E-03   0.73034E-01   0.42602E-04   0.67655       0.24993     
     50    0.45533E-03   0.10016       0.49314E-04   0.66703       0.23230     
     51    0.33525E-03   0.10081       0.68857E-04   0.78067       0.11811     
     69    0.65445E-09   0.98087       0.37711E-04   0.19091E-01   0.13767E-14 
     70    0.15791E-09   0.98819       0.27210E-04   0.11781E-01   0.75777E-16 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.71827E-01   0.10915E-06   0.43419E-09   0.35315E-01   0.89286     
      2    0.20870E-02   0.12556E-06   0.14134E-08   0.91635E-01   0.90628     
      3    0.59863E-03   0.12556E-06   0.29175E-08   0.15570       0.84370     
      4    0.57246E-03   0.14228E-06   0.52386E-08   0.23152       0.76791     
     49    0.87089E-03   0.39653E-01   0.26707E-04   0.52353       0.43591     
     50    0.88635E-03   0.53170E-01   0.31016E-04   0.51747       0.42845     
     51    0.47963E-03   0.52764E-01   0.50494E-04   0.70201       0.24470     
     69    0.28607E-08   0.96811       0.53303E-04   0.31832E-01   0.26503E-13 
     70    0.69596E-09   0.98026       0.38589E-04   0.19702E-01   0.14855E-14 
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BLOCK:  C-104      MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-133      STAGE  13 
    OUTLETS  - S-134      STAGE   1 
               S-135      STAGE  17 
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         769.629       769.629       0.00000      0.738582E-15 
   MASS(KG/HR   )         66430.1       66430.1                    0.876224E-15 
   ENTHALPY(CAL/SEC )   -0.963196E+07 -0.966750E+07                0.367629E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        17 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       0.88000     
    DISTILLATE TO FEED RATIO                                 0.74000     
 
   **** REAC-STAGES SPECIFICATIONS **** 
 
    STAGE  TO  STAGE            REACTIONS/CHEMISTRY ID 
      1         17                     GLOBAL   
 
 
        *****  CHEMISTRY PARAGRAPH GLOBAL  ***** 
 
 
          ****  REACTION PARAMETERS  **** 
 
   RXN NO. TYPE         PHASE      CONC.    TEMP APP TO EQUIL    CONVERSION 
                                   BASIS            C                
      1    EQUILIBRIUM  LIQUID     MOLE-GAMMA      0.0000     
 
        **  STOICHIOMETRIC COEFFICIENTS  ** 
 
   RXN NO.    WATER        BUTANOL      FA           DMF          HEXANE   
      1       0.000        0.000        0.000        0.000        0.000     
 
   ****    PROFILES   **** 
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    P-SPEC          STAGE   1  PRES, BAR                     1.10000     
 
    TEMP-EST        STAGE   1  TEMP, C                      50.6947      
                            2                               74.9963      
                            3                               75.5630      
                            4                               75.8998      
                            5                               76.2427      
                            6                               76.5919      
                            7                               76.9465      
                            8                               77.3047      
                            9                               77.6649      
                           10                               78.0251      
                           11                               78.3834      
                           12                               78.7378      
                           13                               79.0866      
                           14                               79.8257      
                           15                               80.6731      
                           16                               82.1731      
                           17                               84.7908      
 
   X-EST 
   STAGE       WATER       BUTANOL     FA          DMF         HEXANE   
      1      1.3517-02   1.6151-07   1.4716-11   4.3233-03      0.9822 
      2      1.3826-04   1.1386-07   4.0430-11   9.4607-03      0.9904 
      3      7.1937-05   9.7164-08   7.5464-11   1.4997-02      0.9849 
      4      7.6272-05   9.2498-08   1.2332-10   2.0994-02      0.9789 
      5      8.1661-05   9.2262-08   1.8807-10   2.7411-02      0.9725 
      6      8.7662-05   9.3734-08   2.7489-10   3.4193-02      0.9657 
      7      9.4266-05   9.5927-08   3.9029-10   4.1270-02      0.9586 
      8      1.0145-04   9.8465-08   5.4235-10   4.8559-02      0.9513 
      9      1.0915-04   1.0119-07   7.4102-10   5.5965-02      0.9439 
     10      1.1729-04   1.0402-07   9.9848-10   6.3389-02      0.9365 
     11      1.2577-04   1.0689-07   1.3295-09   7.0729-02      0.9291 
     12      1.3447-04   1.0976-07   1.7520-09   7.7889-02      0.9220 
     13      1.4324-04   1.1257-07   2.2876-09   8.4780-02      0.9151 
     14      3.9655-06   9.6968-08   2.5903-09   9.9459-02      0.9005 
     15      1.4229-07   8.7121-08   3.3940-09      0.1307      0.8693 
     16      8.1533-09   8.6615-08   5.4260-09      0.1929      0.8071 
     17      9.3006-10   1.0326-07   1.0123-08      0.3039      0.6961 
 
   Y-EST 
   STAGE       WATER       BUTANOL     FA          DMF         HEXANE   
      1         0.4920   8.1823-08   2.0674-12   7.6000-04      0.5073 
      2      1.3517-02   1.6151-07   1.4716-11   4.3233-03      0.9822 
      3      6.6864-03   1.3718-07   2.7844-11   6.9462-03      0.9864 
      4      6.6528-03   1.2866-07   4.5730-11   9.7724-03      0.9836 
      5      6.6622-03   1.2631-07   7.0104-11   1.2825-02      0.9805 
      6      6.6725-03   1.2623-07   1.0303-10   1.6085-02      0.9772 
      7      6.6834-03   1.2702-07   1.4710-10   1.9523-02      0.9738 
      8      6.6948-03   1.2818-07   2.0560-10   2.3102-02      0.9702 
      9      6.7066-03   1.2951-07   2.8257-10   2.6779-02      0.9665 
     10      6.7186-03   1.3093-07   3.8298-10   3.0507-02      0.9628 
     11      6.7309-03   1.3239-07   5.1292-10   3.4236-02      0.9590 
     12      6.7432-03   1.3388-07   6.7978-10   3.7913-02      0.9553 
     13      6.7554-03   1.3536-07   8.9249-10   4.1492-02      0.9518 
     14      1.6621-04   1.1407-07   1.0307-09   4.9632-02      0.9502 
     15      4.6022-06   9.5957-08   1.3807-09   6.6630-02      0.9334 
     16      1.6517-07   8.4510-08   2.3053-09      0.1026      0.8974 
     17      9.3389-09   8.3882-08   4.6551-09      0.1747      0.8253 
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S36          S37      
    COMPONENT: 
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    WATER       1.0000       .24307E-07 
    BUTANOL     .81640       .18360     
    FA          .41233E-02   .99588     
    DMF         .38937E-01   .96106     
    HEXANE      .80068       .19932     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        50.6988      
    BOTTOM STAGE TEMPERATURE       C                        84.7964      
    TOP STAGE LIQUID FLOW          KMOL/HR                 501.183       
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                 200.104       
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               1,219.06        
    MOLAR REFLUX RATIO                                       0.88000     
    MOLAR BOILUP RATIO                                       6.09212     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -2,387,270.          
    REBOILER DUTY                  CAL/SEC           2,351,730.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.19192E-09  STAGE=  1 
    BUBBLE POINT                    0.20057E-07  STAGE=  1 
    COMPONENT MASS BALANCE          0.29386E-12  STAGE= 12 COMP=WATER    
    ENERGY BALANCE                  0.49452E-08  STAGE=  1 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   50.699        1.1000       -46451.      -48207.      -.23873+07 
   2   74.997        1.2379       -44845.      -38424.                 
  12   78.739        1.3206       -44034.      -37813.                 
  13   79.088        1.3289       -43955.      -37764.                 
  14   79.828        1.3372       -43782.      -37526.                 
  15   80.676        1.3455       -43461.      -37318.                 
  16   82.177        1.3537       -42832.      -36897.                 
  17   84.796        1.3620       -41719.      -36070.       .23517+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  1071.      0.000                                      569.5256           
   2  594.1      1071.                                                         
  12  581.6      1152.                                                         
  13  1447.      1151.       769.6292                                          
  14  1446.      1247.                                                         
  15  1437.      1246.                                                         
  16  1419.      1237.                                                         
  17  200.1      1219.                                      200.1036           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.9133E+05  0.000                                     .48580+05           
   2 0.5125E+05 0.9133E+05                                                     
  12 0.5057E+05 0.9922E+05                                                     
  13 0.1259E+06 0.9915E+05  .66430+05                                          
  14 0.1261E+06 0.1081E+06                                                     
  15 0.1257E+06 0.1082E+06                                                     
  16 0.1250E+06 0.1078E+06                                                     
  17 0.1785E+05 0.1072E+06                                 .17850+05           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.13512E-01   0.16130E-06   0.14770E-10   0.43293E-02   0.98216     
      2    0.13823E-03   0.11372E-06   0.40576E-10   0.94739E-02   0.99039     
     12    0.13452E-03   0.10965E-06   0.17575E-08   0.77969E-01   0.92190     
     13    0.14330E-03   0.11246E-06   0.22946E-08   0.84862E-01   0.91499     
     14    0.39706E-05   0.96884E-07   0.25984E-08   0.99558E-01   0.90044     
     15    0.14263E-06   0.87060E-07   0.34046E-08   0.13079       0.86921     
     16    0.81834E-08   0.86574E-07   0.54428E-08   0.19308       0.80692     
     17    0.93480E-09   0.10325E-06   0.10153E-07   0.30414       0.69586     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.49191       0.81736E-07   0.20753E-11   0.76124E-03   0.50733     
      2    0.13512E-01   0.16130E-06   0.14770E-10   0.43293E-02   0.98216     
     12    0.67411E-02   0.13373E-06   0.68196E-09   0.37954E-01   0.95530     
     13    0.67533E-02   0.13520E-06   0.89528E-09   0.41535E-01   0.95171     
     14    0.16628E-03   0.11394E-06   0.10340E-08   0.49685E-01   0.95015     
     15    0.46082E-05   0.95863E-07   0.13852E-08   0.66704E-01   0.93329     
     16    0.16556E-06   0.84441E-07   0.23127E-08   0.10274       0.89726     
     17    0.93732E-08   0.83837E-07   0.46697E-08   0.17485       0.82515     
 
                         ****   K-VALUES           **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1     36.405       0.50672       0.14051       0.17583       0.51654     
      2     97.750        1.4185       0.36400       0.45698       0.99169     
     12     50.112        1.2196       0.38802       0.48679        1.0362     
     13     47.128        1.2022       0.39017       0.48944        1.0401     
     14     41.878        1.1761       0.39794       0.49905        1.0552     
     15     32.308        1.1011       0.40685       0.51000        1.0737     
     16     20.231       0.97536       0.42492       0.53214        1.1119     
     17     10.027       0.81202       0.45994       0.57490        1.1858     
 
                     ****     RATES OF GENERATION      **** 
                                KMOL/HR          
   STAGE     WATER       BUTANOL     FA          DMF         HEXANE   
      1    0.000       0.000       0.000       0.000       0.000     
      2    0.000       0.000       0.000       0.000       0.000     
     12    0.000       0.000       0.000       0.000       0.000     
     13    0.000       0.000       0.000       0.000       0.000     
     14    0.000       0.000       0.000       0.000       0.000     
     15    0.000       0.000       0.000       0.000       0.000     
     16    0.000       0.000       0.000       0.000       0.000     
     17    0.000       0.000       0.000       0.000       0.000     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.28538E-02   0.14017E-06   0.79693E-11   0.48790E-02   0.99227     
      2    0.28869E-04   0.97714E-07   0.21649E-10   0.10558E-01   0.98941     
     12    0.27873E-04   0.93479E-07   0.93039E-09   0.86205E-01   0.91377     
     13    0.29669E-04   0.95804E-07   0.12138E-08   0.93754E-01   0.90622     
     14    0.82063E-06   0.82385E-07   0.13720E-08   0.10979       0.89021     
     15    0.29373E-07   0.73768E-07   0.17913E-08   0.14373       0.85627     
     16    0.16734E-08   0.72840E-07   0.28435E-08   0.21068       0.78932     
     17    0.18879E-09   0.85791E-07   0.52384E-08   0.32775       0.67225     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     WATER         BUTANOL       FA            DMF           HEXANE   
      1    0.16830       0.11506E-06   0.18140E-11   0.13897E-02   0.83031     
      2    0.28538E-02   0.14017E-06   0.79693E-11   0.48790E-02   0.99227     
     12    0.14106E-02   0.11513E-06   0.36457E-09   0.42377E-01   0.95621     
     13    0.14125E-02   0.11636E-06   0.47841E-09   0.46356E-01   0.95223     
     14    0.34568E-04   0.97458E-07   0.54916E-09   0.55114E-01   0.94485     
     15    0.95598E-06   0.81824E-07   0.73414E-09   0.73838E-01   0.92616     
     16    0.34204E-07   0.71778E-07   0.12207E-08   0.11326       0.88673     
     17    0.19207E-08   0.70683E-07   0.24446E-08   0.19118       0.80882     
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BLOCK:  HX-104      MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-118      
   OUTLET STREAM:         S-119      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            868.871         868.871        0.157013E-14 
       MASS(KG/HR   )            64482.8         64482.8       -0.225671E-15 
       ENTHALPY(CAL/SEC )      -0.177899E+08   -0.169670E+08   -0.462596E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       180.000       
   SPECIFIED PRESSURE                   BAR                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    180.00     
   OUTLET PRESSURE       BAR                                  10.000     
   HEAT DUTY             CAL/SEC                             0.82296E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER            0.65962E-01    0.65962E-01    0.17312         1.7514     
      BUTANOL          0.85328        0.85328        0.82420        0.64459     
      HCL              0.61894E-06    0.61894E-06    0.53799E-06    0.58006     
      LA               0.12676E-02    0.12676E-02    0.21962E-04    0.11562E-01 
      FA               0.99323E-05    0.99323E-05    0.10306E-04    0.69242     
      HMF              0.74318E-01    0.74318E-01    0.70619E-03    0.63412E-02 
      DMF              0.16090E-02    0.16090E-02    0.19402E-02    0.80470     
      HEXANE           0.21967E-12    0.21967E-12    0.24139E-11     7.3331     
      NA+              0.17742E-02    0.17742E-02     0.0000         0.0000     
      H+                0.0000        0.12419E-16     0.0000         0.0000     
      CL-              0.17742E-02    0.17742E-02     0.0000         0.0000     
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BLOCK:  HX-105       MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-122      
   OUTLET STREAM:         S-123     
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            991.559         991.559       -0.588522E-11 
       MASS(KG/HR   )            64853.8         64853.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.173462E+08   -0.199963E+08    0.132528     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        50.0000      
   SPECIFIED PRESSURE                   BAR                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    50.000     
   OUTLET PRESSURE       BAR                                  10.000     
   HEAT DUTY             CAL/SEC                            -0.26501E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER            0.18153        0.18153        0.47026        0.38701E-01 
      BUTANOL          0.74770        0.74770        0.41540        0.83001E-02 
      HCL              0.54235E-06    0.54235E-06    0.72911E-05    0.20084     
      LA               0.11108E-02    0.11108E-02    0.45393E-06    0.61051E-05 
      FA               0.87033E-05    0.87033E-05    0.10485E-04    0.17997E-01 
      HMF              0.32561E-02    0.32561E-02    0.32964E-06    0.15124E-05 
      DMF              0.63276E-01    0.63276E-01    0.11431        0.26989E-01 
      HEXANE           0.19249E-12    0.19249E-12    0.54047E-11    0.41947     
      NA+              0.15546E-02    0.15546E-02     0.0000         0.0000     
      H+                0.0000        0.58851E-11     0.0000         0.0000     
      CL-              0.15546E-02    0.15546E-02     0.0000         0.0000     
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BLOCK:  IE-101      MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S-125      
   OUTLET STREAMS:        S-136         S-137      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            558.248         558.248         0.00000     
       MASS(KG/HR   )            41456.5         41456.5       -0.351017E-15 
       ENTHALPY(CAL/SEC )      -0.113058E+08   -0.976979E+07   -0.135863     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S27      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S28      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S27       CPT= LA        FRACTION=          1.00000     
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                             0.15360E+07 
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = BUTANOL  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = HCL      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = LA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = FA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = HMF      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = DMF      
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    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = NA+      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
 
  COMPONENT = CL-      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-136        MIXED                 1.00000     
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BLOCK:  LLE-101       MODEL: SEP              
 --------------------------- 
   INLET STREAMS:         S-124         S-127      
   OUTLET STREAMS:        S-129         S-128      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1142.08         1142.08       -0.466469E-06 
       MASS(KG/HR   )            83977.3         83977.3        0.519851E-15 
       ENTHALPY(CAL/SEC )      -0.170497E+08   -0.172055E+08    0.905574E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
                          ***  INPUT DATA  *** 
 
   INLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
   FLASH SPECS FOR STREAM S-129      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-128      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-128       CPT= GLUCOSE   FRACTION=          1.00000     
                              WATER                        0.95900     
                              BUTANOL                      0.758000-10 
                              NACL                         1.00000     
                              HCL                          1.00000     
                              LA                           1.00000     
                              FA                           0.145000-04 
                              HMF                          0.0         
                              HYDROGEN                     1.00000     
                              CO2                          1.00000     
                              DMF                          0.00066300  
                              HEXANE                       0.327000-05 
                              NA+                          1.00000     
                              H+                           1.00000     
                              CL-                          1.00000     
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                            -0.15581E+06 
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-129        MIXED                 0.041000    
    S-128        MIXED                 0.95900     
 
  COMPONENT = BUTANOL  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-129        MIXED                 1.00000     
    S-128        MIXED                 0.758000-10 
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  COMPONENT = HCL      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-128        MIXED                 1.00000     
 
  COMPONENT = FA       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-129        MIXED                 0.99999     
    S-128        MIXED                 0.145000-04 
 
  COMPONENT = DMF      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-129        MIXED                 0.99934     
    S-128        MIXED                 0.00066300  
 
  COMPONENT = HEXANE   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-129        MIXED                 1.00000     
    S-128        MIXED                 0.327000-05 
 
  COMPONENT = H+       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-128        MIXED                 1.00000     
 
  COMPONENT = CL-      
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-128        MIXED                 1.00000     
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BLOCK:  R-102      MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         S-119         S-100      
   OUTLET STREAM:         S-121      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         1068.87       1007.53      -61.3441      0.106362E-15 
   MASS(KG/HR   )         64886.0       64886.0                    0.224269E-15 
   ENTHALPY(CAL/SEC )   -0.169669E+08 -0.169669E+08               -0.847476E-07 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER      2.00    HMF       -1.00    HYDROGEN  -3.00    DMF        1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    1 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:HMF      CONV FRAC: 0.9500     
 
 
 
 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                10.0000      
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    192.23     
   OUTLET PRESSURE       BAR                                  10.000     
   VAPOR FRACTION                                            0.50465     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  61.344     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER            0.17866        0.11311        0.24300         2.1484     
      BUTANOL          0.73586        0.80780        0.66524        0.82352     
      HCL              0.53376E-06    0.65977E-06    0.41007E-06    0.62153     
      LA               0.10932E-02    0.21689E-02    0.37313E-04    0.17204E-01 
      FA               0.85654E-05    0.93045E-05    0.78400E-05    0.84260     
      HMF              0.32045E-02    0.64037E-02    0.64229E-04    0.10030E-01 
      HYDROGEN         0.15848E-01    0.16102E-03    0.31247E-01     194.06     
      DMF              0.62273E-01    0.64174E-01    0.60408E-01    0.94131     
      HEXANE           0.18944E-12    0.37823E-13    0.33826E-12     8.9432     
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      NA+              0.15300E-02    0.30887E-02     0.0000         0.0000     
      H+                0.0000        0.37644E-17     0.0000         0.0000     
      CL-              0.15300E-02    0.30887E-02     0.0000         0.0000     
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A.3 Section 200 Aspen Block Reports  
 
 BLOCK:  C-201    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-210    STAGE   9 
    OUTLETS  - S-211    STAGE   1 
               S-212    STAGE  21 
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            441.732         441.732        0.128683E-15 
       MASS(LB/HR   )            40922.4         40922.4       -0.257850E-09 
       ENTHALPY(BTU/HR  )      -0.275594E+08   -0.255669E+08   -0.722976E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        21 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       0.75824     
    MASS DISTILLATE TO FEED RATIO                            0.65000     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   15.9542      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-211        S-212    
    COMPONENT: 
    P-XYL-01    .22181E-02   .99778     
    2:5-H-01    .95848E-06   1.0000     
    WATER       1.0000       0.0000     
    2:5-D-01    .99999       .12765E-04 
    4-ETH-01    .42099E-10   1.0000     
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    N-HEX-01    1.0000       .91743E-07 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       144.416       
    BOTTOM STAGE TEMPERATURE       F                       309.270       
    TOP STAGE LIQUID FLOW          LBMOL/HR                234.553       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                132.394       
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR                612.753       
    MOLAR REFLUX RATIO                                       0.75824     
    MOLAR BOILUP RATIO                                       4.62825     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -7,356,740.          
    REBOILER DUTY                  BTU/HR            9,349,220.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.79613E-04  STAGE= 20 
    BUBBLE POINT                    0.78438E-04  STAGE= 20 
    COMPONENT MASS BALANCE          0.32271E-06  STAGE=  7 COMP=4-ETH-01 
    ENERGY BALANCE                  0.27298E-04  STAGE= 10 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   144.42        15.954       -81934.      -77836.      -.73567+07 
   2   169.38        18.454       -80052.      -68408.                 
   8   222.09        19.174       -29977.      -50629.                 
   9   229.97        19.294       -26493.      -47372.                 
  10   273.23        19.414       -9300.6      -17225.                 
  11   292.52        19.534       -2828.2       3388.3                 
  12   299.38        19.654       -784.51       11742.                 
  20   306.41        20.614       -419.87       15498.                 
  21   309.27        20.734       -1674.1       15109.       .93492+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  543.9      0.000                                      309.3384           
   2  258.6      543.9                                                         
   8  191.7      508.2                                                         
   9  786.7      501.0       441.7324                                          
  10  789.6      654.3                                                         
  11  763.5      657.2                                                         
  12  751.7      631.2                                                         
  20  745.1      616.6                                                         
  21  132.4      612.8                                      132.3940           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.4677E+05  0.000                                     .26600+05           
   2 0.2233E+05 0.4677E+05                                                     
   8 0.1890E+05 0.4576E+05                                                     
   9 0.7855E+05 0.4550E+05  .40922+05                                          
  10 0.8218E+05 0.6423E+05                                                     
  11 0.8080E+05 0.6785E+05                                                     
  12 0.7998E+05 0.6648E+05                                                     
  20 0.7973E+05 0.6561E+05                                                     
  21 0.1432E+05 0.6541E+05                                 .14323+05           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      WATER         2:5-D-01      4-ETH-01 
      1    0.87761E-03   0.32927E-08   0.34970E-02   0.32407E-02   0.12537E-11 
      2    0.55953E-02   0.46966E-07   0.33201E-04   0.46463E-02   0.56345E-10 
      8    0.61403       0.68976E-03   0.66561E-05   0.53505E-02   0.14036E-02 
      9    0.64863       0.18225E-02   0.58932E-05   0.44005E-02   0.12854E-01 
     10    0.85741       0.21216E-02   0.87920E-08   0.33576E-02   0.13862E-01 
     11    0.94254       0.23566E-02   0.94200E-11   0.16947E-02   0.15000E-01 
     12    0.97034       0.24515E-02   0.90564E-14   0.70150E-03   0.15490E-01 
     20    0.96675       0.49872E-02   0.47056E-38   0.28244E-06   0.28258E-01 
     21    0.92239       0.80266E-02   0.45552E-41   0.96657E-07   0.69583E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     N-HEX-01 
      1    0.99238     
      2    0.98973     
      8    0.37852     
      9    0.33229     
     10    0.12324     
     11    0.38410E-01 
     12    0.11018E-01 
     20    0.52056E-06 
     21    0.21273E-06 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      WATER         2:5-D-01      4-ETH-01 
      1    0.10390E-03   0.15589E-09   0.24979       0.15547E-02   0.16518E-13 
      2    0.87761E-03   0.32927E-08   0.34970E-02   0.32407E-02   0.12537E-11 
      8    0.19836       0.88512E-04   0.21321E-02   0.44591E-02   0.49937E-04 
      9    0.23547       0.26391E-03   0.21616E-02   0.40479E-02   0.53703E-03 
     10    0.59324       0.56702E-03   0.70858E-05   0.52909E-02   0.13741E-02 
     11    0.84432       0.93202E-03   0.10563E-07   0.40340E-02   0.26368E-02 
     12    0.94676       0.11672E-02   0.11396E-10   0.20501E-02   0.35504E-02 
     20    0.98985       0.26142E-02   0.61010E-35   0.91686E-06   0.75280E-02 
     21    0.97634       0.43305E-02   0.57213E-38   0.32258E-06   0.19329E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     N-HEX-01 
      1    0.74855     
      2    0.99238     
      8    0.79491     
      9    0.75752     
     10    0.39953     
     11    0.14807     
     12    0.46468E-01 
     20    0.19445E-05 
     21    0.58708E-06 
 
                         ****   K-VALUES           **** 
   STAGE     P-XYL-01      2:5-H-01      WATER         2:5-D-01      4-ETH-01 
      1    0.11839       0.47343E-01    71.430       0.47974       0.13175E-01 
      2    0.15685       0.70108E-01    105.33       0.69748       0.22251E-01 
      8    0.32305       0.12832        320.32       0.83343       0.35577E-01 
      9    0.36303       0.14481        366.80       0.91988       0.41781E-01 
     10    0.69189       0.26725        805.92        1.5758       0.99120E-01 
     11    0.89579       0.39548        1121.3        2.3802       0.17577     
     12    0.97571       0.47609        1258.3        2.9224       0.22919     
     20     1.0238       0.52416        1296.4        3.2461       0.26637     
     21     1.0585       0.53952        1256.0        3.3373       0.27778     
 
                         ****   K-VALUES           **** 
   STAGE     N-HEX-01 
      1    0.75430     
      2     1.0027     
      8     2.1000     
      9     2.2797     
     10     3.2416     
     11     3.8549     
     12     4.2173     
     20     3.7365     
     21     2.7598     
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                         ****   MASS-X-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      WATER         2:5-D-01      4-ETH-01 
      1    0.10836E-02   0.43708E-08   0.73264E-03   0.36229E-02   0.19570E-11 
      2    0.68808E-02   0.62096E-07   0.69281E-05   0.51735E-02   0.87599E-10 
      8    0.66121       0.79857E-03   0.12163E-05   0.52168E-02   0.19109E-02 
      9    0.68963       0.20833E-02   0.10632E-05   0.42363E-02   0.17277E-01 
     10    0.87465       0.23269E-02   0.15219E-08   0.31012E-02   0.17877E-01 
     11    0.94561       0.25419E-02   0.16037E-11   0.15394E-02   0.19025E-01 
     12    0.96827       0.26301E-02   0.15335E-14   0.63381E-03   0.19542E-01 
     20    0.95923       0.53202E-02   0.79226E-39   0.25374E-06   0.35446E-01 
     21    0.90520       0.84689E-02   0.75856E-42   0.85887E-07   0.86330E-01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     N-HEX-01 
      1    0.99456     
      2    0.98794     
      8    0.33086     
      9    0.28677     
     10    0.10205     
     11    0.31280E-01 
     12    0.89242E-02 
     20    0.41926E-06 
     21    0.16945E-06 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      WATER         2:5-D-01      4-ETH-01 
      1    0.15948E-03   0.25725E-09   0.65058E-01   0.21607E-02   0.32054E-13 
      2    0.10836E-02   0.43708E-08   0.73264E-03   0.36229E-02   0.19570E-11 
      8    0.23388       0.11220E-03   0.42656E-03   0.47603E-02   0.74435E-04 
      9    0.27529       0.33172E-03   0.42882E-03   0.42850E-02   0.79375E-03 
     10    0.64156       0.65929E-03   0.13003E-05   0.51809E-02   0.18787E-02 
     11    0.86820       0.10304E-02   0.18431E-08   0.37558E-02   0.34278E-02 
     12    0.95432       0.12649E-02   0.19492E-11   0.18711E-02   0.45244E-02 
     20    0.98770       0.28045E-02   0.10330E-35   0.82836E-06   0.94965E-02 
     21    0.97106       0.46307E-02   0.96558E-39   0.29050E-06   0.24304E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     N-HEX-01 
      1    0.93262     
      2    0.99456     
      8    0.76075     
      9    0.71887     
     10    0.35072     
     11    0.12359     
     12    0.38019E-01 
     20    0.15750E-05 
     21    0.47396E-06 
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 BLOCK:  C-202    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-212    STAGE  20 
    OUTLETS  - S-213    STAGE   1 
               S-214    STAGE  38 
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            132.394         132.394         0.00000     
       MASS(LB/HR   )            14322.8         14322.8       -0.459724E-11 
       ENTHALPY(BTU/HR  )       -221644.        -308057.        0.280510     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        38 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       1.49902     
    MASS DISTILLATE TO FEED RATIO                            0.90500     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   15.9542      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-213        S-214    
    COMPONENT: 
    P-XYL-01    .99971       .29140E-03 
    2:5-H-01    .73899E-02   .99261     
    2:5-D-01    1.0000       .95697E-13 
    4-ETH-01    .19826E-07   1.0000     
    N-HEX-01    1.0000       .80638E-12 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
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    TOP STAGE TEMPERATURE          F                       286.646       
    BOTTOM STAGE TEMPERATURE       F                       401.105       
    TOP STAGE LIQUID FLOW          LBMOL/HR                183.017       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                 10.3027      
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR                279.905       
    MOLAR REFLUX RATIO                                       1.49902     
    MOLAR BOILUP RATIO                                      27.1680      
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -4,806,580.          
    REBOILER DUTY                  BTU/HR            4,720,160.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.33213E-04  STAGE= 35 
    BUBBLE POINT                    0.21697E-04  STAGE= 35 
    COMPONENT MASS BALANCE          0.81809E-06  STAGE= 26 COMP=4-ETH-01 
    ENERGY BALANCE                  0.27812E-03  STAGE= 35 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   286.65        15.954       -78.391       15258.      -.48066+07 
   2   296.78        18.454        487.06       15675.                 
   3   297.24        18.574        501.16       15688.                 
   4   297.70        18.694        513.02       15700.                 
  18   304.44        20.374       -105.93       15510.                 
  19   305.43        20.494       -414.96       15422.                 
  20   307.09        20.614       -944.36       15295.                 
  21   307.51        20.734       -935.56       15304.                 
  26   309.82        21.334       -1772.6       14886.                 
  27   310.46        21.454       -2697.0       14401.                 
  28   311.36        21.574       -4508.0       13442.                 
  37   398.54        22.654       -34446.      -24549.                 
  38   401.10        22.774       -28971.      -17784.       .47202+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  305.1      0.000                                      122.0912           
   2  189.6      305.1                                                         
   3  189.5      311.7                                                         
   4  189.4      311.6                                                         
  18  187.7      310.3                                                         
  19  186.5      309.8                   0.2181                                
  20  318.6      308.4       132.1759                                          
  21  318.7      308.3                                                         
  26  319.5      309.0                                                         
  27  319.5      309.2                                                         
  28  319.5      309.2                                                         
  37  290.2      280.6                                                         
  38  10.30      279.9                                       10.3027           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3239E+05  0.000                                     .12962+05           
   2 0.2013E+05 0.3239E+05                                                     
   3 0.2012E+05 0.3309E+05                                                     
   4 0.2011E+05 0.3308E+05                                                     
  18 0.1997E+05 0.3297E+05                                                     
  19 0.1990E+05 0.3293E+05              23.2824                                
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  20 0.3419E+05 0.3284E+05  .14300+05                                          
  21 0.3421E+05 0.3283E+05                                                     
  26 0.3430E+05 0.3292E+05                                                     
  27 0.3433E+05 0.3294E+05                                                     
  28 0.3436E+05 0.3297E+05                                                     
  37 0.3807E+05 0.3643E+05                                                     
  38  1361.     0.3671E+05                                 1360.6705           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      2:5-D-01      4-ETH-01      N-HEX-01 
      1    0.99994       0.64322E-04   0.10481E-06   0.14960E-08   0.23068E-06 
      2    0.99988       0.12402E-03   0.32505E-07   0.59162E-08   0.41808E-07 
      3    0.99981       0.19414E-03   0.18879E-07   0.16526E-07   0.21146E-07 
      4    0.99972       0.27656E-03   0.16321E-07   0.41948E-07   0.18999E-07 
     18    0.98732       0.50882E-02   0.15855E-07   0.75937E-02   0.23263E-07 
     19    0.97658       0.59659E-02   0.15776E-07   0.17455E-01   0.25771E-07 
     20    0.95400       0.68696E-02   0.15530E-07   0.39133E-01   0.31190E-07 
     21    0.95390       0.69619E-02   0.49083E-08   0.39133E-01   0.95172E-08 
     26    0.94811       0.12480E-01   0.15561E-10   0.39414E-01   0.29782E-10 
     27    0.94215       0.17910E-01   0.49112E-11   0.39942E-01   0.10085E-10 
     28    0.93006       0.28350E-01   0.15421E-11   0.41589E-01   0.36467E-11 
     37    0.97700E-02   0.13708       0.92884E-18   0.85315       0.29753E-16 
     38    0.34540E-02   0.10238       0.11886E-18   0.89416       0.22043E-17 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      2:5-D-01      4-ETH-01      N-HEX-01 
      1    0.99996       0.33815E-04   0.34399E-06   0.36675E-09   0.14858E-05 
      2    0.99994       0.64322E-04   0.10481E-06   0.14960E-08   0.23068E-06 
      3    0.99990       0.10063E-03   0.60832E-07   0.41846E-08   0.11580E-06 
      4    0.99986       0.14327E-03   0.52551E-07   0.10637E-07   0.10325E-06 
     18    0.99539       0.26340E-02   0.50872E-07   0.19800E-02   0.10413E-06 
     19    0.99229       0.31080E-02   0.50918E-07   0.46007E-02   0.10501E-06 
     20    0.98583       0.36304E-02   0.50813E-07   0.10543E-01   0.10650E-06 
     21    0.98577       0.36774E-02   0.16049E-07   0.10556E-01   0.32233E-07 
     26    0.98267       0.65931E-02   0.50839E-10   0.10733E-01   0.94312E-10 
     27    0.97959       0.94841E-02   0.16079E-10   0.10930E-01   0.30775E-10 
     28    0.97342       0.15096E-01   0.50748E-11   0.11483E-01   0.10421E-10 
     37    0.27653E-01   0.18156       0.73491E-17   0.79078       0.38986E-15 
     38    0.10002E-01   0.13835       0.95865E-18   0.85164       0.30767E-16 
 
                         ****   K-VALUES           **** 
   STAGE     P-XYL-01      2:5-H-01      2:5-D-01      4-ETH-01      N-HEX-01 
      1     1.0000       0.52572        3.2819       0.24516        6.4412     
      2     1.0001       0.51864        3.2246       0.25286        5.5176     
      3     1.0001       0.51835        3.2221       0.25321        5.4760     
      4     1.0001       0.51806        3.2198       0.25357        5.4344     
     18     1.0082       0.51767        3.2085       0.26074        4.4762     
     19     1.0161       0.52096        3.2276       0.26358        4.0750     
     20     1.0334       0.52848        3.2719       0.26940        3.4148     
     21     1.0334       0.52822        3.2698       0.26975        3.3871     
     26     1.0365       0.52829        3.2671       0.27231        3.1672     
     27     1.0397       0.52955        3.2740       0.27365        3.0519     
     28     1.0466       0.53247        3.2909       0.27611        2.8575     
     37     2.8305        1.3246        7.9124       0.92687        13.104     
     38     2.8959        1.3513        8.0652       0.95245        13.958     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      2:5-D-01      4-ETH-01      N-HEX-01 
      1    0.99993       0.69154E-04   0.94903E-07   0.18912E-08   0.18724E-06 
      2    0.99987       0.13334E-03   0.29431E-07   0.74795E-08   0.33935E-07 
      3    0.99979       0.20873E-03   0.17094E-07   0.20893E-07   0.17164E-07 
      4    0.99970       0.29733E-03   0.14778E-07   0.53031E-07   0.15421E-07 
     18    0.98497       0.54574E-02   0.14322E-07   0.95774E-02   0.18838E-07 
     19    0.97166       0.63819E-02   0.14212E-07   0.21956E-01   0.20814E-07 
     20    0.94375       0.73065E-02   0.13910E-07   0.48942E-01   0.25046E-07 
     21    0.94365       0.74046E-02   0.43964E-08   0.48942E-01   0.76422E-08 
     26    0.93746       0.13267E-01   0.13931E-10   0.49270E-01   0.23903E-10 
     27    0.93107       0.19029E-01   0.43945E-11   0.49903E-01   0.80897E-11 
     28    0.91802       0.30085E-01   0.13782E-11   0.51898E-01   0.29217E-11 
     37    0.79062E-02   0.11926       0.68057E-18   0.87283       0.19543E-16 
     38    0.27766E-02   0.88487E-01   0.86517E-19   0.90874       0.14384E-17 
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     P-XYL-01      2:5-H-01      2:5-D-01      4-ETH-01      N-HEX-01 
      1    0.99996       0.36355E-04   0.31147E-06   0.46366E-09   0.12061E-05 
      2    0.99993       0.69154E-04   0.94903E-07   0.18912E-08   0.18724E-06 
      3    0.99989       0.10819E-03   0.55079E-07   0.52903E-08   0.93993E-07 
      4    0.99985       0.15404E-03   0.47582E-07   0.13447E-07   0.83806E-07 
     18    0.99467       0.28298E-02   0.46028E-07   0.25014E-02   0.84461E-07 
     19    0.99086       0.33367E-02   0.46037E-07   0.58080E-02   0.85118E-07 
     20    0.98282       0.38913E-02   0.45868E-07   0.13288E-01   0.86185E-07 
     21    0.98275       0.39416E-02   0.14487E-07   0.13305E-01   0.26084E-07 
     26    0.97941       0.70649E-02   0.45879E-10   0.13524E-01   0.76300E-10 
     27    0.97607       0.10160E-01   0.14507E-10   0.13769E-01   0.24891E-10 
     28    0.96938       0.16162E-01   0.45759E-11   0.14457E-01   0.84235E-11 
     37    0.22619E-01   0.15966       0.54427E-17   0.81772       0.25884E-15 
     38    0.80963E-02   0.12040       0.70259E-18   0.87150       0.20214E-16 
 
 BLOCK:  D-201    MODEL: DECANTER         
 -------------------------------- 
   INLET STREAM:          S-208    
   FIRST LIQUID OUTLET:   S-210    
   SECOND LIQUID OUTLET:  S-209    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            571.538         571.538         0.00000     
       MASS(LB/HR   )            43313.5         43313.4        0.127623E-06 
       ENTHALPY(BTU/HR  )      -0.437481E+08   -0.434225E+08   -0.744479E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   LIQUID-LIQUID SPLIT, TP SPECIFICATION 
   SPECIFIED TEMPERATURE               F                        113.000       
   SPECIFIED PRESSURE                  PSIA                   30.0000      
   CONVERGENCE TOLERANCE ON EQUILIBRIUM                       0.10000E-03 
   MAXIMUM NO ITERATIONS ON EQUILIBRIUM                       30 
   EQUILIBRIUM METHOD                           EQUATION-SOLVING 
   KLL COEFFICIENTS FROM                       OPTION SET OR EOS 
   KLL BASIS                                                MOLE 
   KEY COMPONENT(S):       WATER                                  
 
                           ***  RESULTS  *** 
 
   OUTLET TEMPERATURE      F                                  113.00     
   OUTLET PRESSURE         PSIA                               30.000     
   CALCULATED HEAT DUTY    BTU/HR                            0.32570E+06 
   MOLAR RATIO 1ST LIQUID / TOTAL LIQUID                     0.77288     
 
   L1-L2 PHASE EQUILIBRIUM :  
      COMP          F             X1            X2            K 
      P-XYL-01   0.21415       0.27707       0.197179-04   0.711659-04  
      2:5-H-01   0.0023257     0.0024057     0.0020534     0.85354      
      WATER      0.22794       0.0024489     0.99529       406.429      
      2:5-D-01   0.0023496     0.0022695     0.0026225     1.15555      
      4-ETH-01   0.016119      0.020855      0.308248-06   0.147805-04  
      N-HEX-01   0.53712       0.69495       0.113748-04   0.163678-04  
 
  
  
194 
 
BLOCK:  HX-201   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-204    
   OUTLET STREAM:            S-206    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S-202    
   OUTLET STREAM:            S-203    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1012.80         1012.80         0.00000     
       MASS(LB/HR   )            82676.4         82676.4         0.00000     
       ENTHALPY(BTU/HR  )      -0.538018E+08   -0.538018E+08    0.138482E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED COLD OUTLET TEMP     
     SPECIFIED VALUE                F                      482.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        PSI                      0.0000 
     COLD SIDE PRESSURE DROP        PSI                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-204     ----->|                HOT                 |-----> S-206    
   T=  6.6200D+02  |                                    |       T=  4.0200D+02 
   P=  8.9923D+02  |                                    |       P=  8.9923D+02 
   V=  6.0303D-01  |                                    |       V=  2.6591D-01 
                   |                                    | 
   S-203     <-----|                COLD                |<----- S-202    
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   T=  4.8200D+02  |                                    |       T=  1.9624D+02 
   P=  8.9900D+02  |                                    |       P=  8.9900D+02 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            10112163.9315 
     CALCULATED (REQUIRED) AREA     SQFT                   350.7451 
     ACTUAL EXCHANGER AREA          SQFT                   350.7451 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R             52504.3097 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      192.5968 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      0.0000 
     COLDSIDE, TOTAL                PSI                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                                                           | 
 HOT IN  |                           COND                            | HOT OUT  
 ------> |                                                           |------> 
  662.0  |                                                           |  402.0 
         |                                                           | 
 COLDOUT |                           LIQ                             | COLDIN   
 <------ |                                                           |<------ 
  482.0  |                                                           |  196.2 
         |                                                           | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1   10112163.931       350.7451     192.5968   149.6937       52504.3097 
 
 HEATX COLD-TQCU HX-201   TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         PSI              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  BTU/HR    !  PSIA      !  F         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !   899.0000 !   482.0000 !     0.0    ! 
 !  4.8153+05 !   899.0000 !   464.9488 !     0.0    ! 
 !  9.6306+05 !   899.0000 !   453.8935 !     0.0    ! 
 !  1.4446+06 !   899.0000 !   451.4486 !     0.0    ! 
 !  1.9261+06 !   899.0000 !   445.9254 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  2.4077+06 !   899.0000 !   438.1663 !     0.0    ! 
 !  2.8892+06 !   899.0000 !   428.7946 !     0.0    ! 
 !  3.3707+06 !   899.0000 !   418.1879 !     0.0    ! 
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 !  3.8523+06 !   899.0000 !   406.5799 !     0.0    ! 
 !  4.3338+06 !   899.0000 !   394.1220 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.8153+06 !   899.0000 !   380.9162 !     0.0    ! 
 !  5.2968+06 !   899.0000 !   367.0327 !     0.0    ! 
 !  5.7784+06 !   899.0000 !   352.5206 !     0.0    ! 
 !  6.2599+06 !   899.0000 !   337.4136 !     0.0    ! 
 !  6.7414+06 !   899.0000 !   321.7341 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  7.2230+06 !   899.0000 !   305.4953 !     0.0    ! 
 !  7.7045+06 !   899.0000 !   288.7031 !     0.0    ! 
 !  8.1860+06 !   899.0000 !   271.3571 !     0.0    ! 
 !  8.6676+06 !   899.0000 !   253.4511 !     0.0    ! 
 !  9.1491+06 !   899.0000 !   234.9738 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  9.6306+06 !   899.0000 !   215.9090 !     0.0    ! 
 !  1.0112+07 !   899.0000 !   196.2355 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR HX-201   TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         PSI              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  BTU/HR    !  PSIA      !  F         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !   899.2340 !   662.0004 !     0.6030 ! 
 !  4.8153+05 !   899.2340 !   648.7276 !     0.5862 ! 
 !  9.6306+05 !   899.2340 !   640.2395 !     0.5751 ! 
 !  1.4446+06 !   899.2340 !   628.4240 !     0.5593 ! 
 !  1.9261+06 !   899.2340 !   615.2585 !     0.5410 ! 
 !------------+------------+------------+------------! 
 !  2.4077+06 !   899.2340 !   601.2977 !     0.5209 ! 
 !  2.8892+06 !   899.2340 !   586.7762 !     0.4992 ! 
 !  3.3707+06 !   899.2340 !   571.8161 !     0.4762 ! 
 !  3.8523+06 !   899.2340 !   556.4942 !     0.4521 ! 
 !  4.3338+06 !   899.2340 !   540.8778 !     0.4277 ! 
 !------------+------------+------------+------------! 
 !  4.8153+06 !   899.2340 !   525.0288 !     0.4034 ! 
 !  5.2968+06 !   899.2340 !   508.8976 !     0.3799 ! 
 !  5.7784+06 !   899.2340 !   492.5276 !     0.3577 ! 
 !  6.2599+06 !   899.2340 !   475.9517 !     0.3372 ! 
 !  6.7414+06 !   899.2340 !   459.2045 !     0.3184 ! 
 !------------+------------+------------+------------! 
 !  7.2230+06 !   899.2340 !   453.2571 !     0.3122 ! 
 !  7.7045+06 !   899.2340 !   448.7746 !     0.3076 ! 
 !  8.1860+06 !   899.2340 !   441.5901 !     0.3006 ! 
 !  8.6676+06 !   899.2340 !   432.8616 !     0.2925 ! 
 !  9.1491+06 !   899.2340 !   423.1647 !     0.2839 ! 
 !------------+------------+------------+------------! 
 !  9.6306+06 !   899.2340 !   412.8122 !     0.2750 ! 
 !  1.0112+07 !   899.2340 !   402.0033 !     0.2659 ! 
 ----------------------------------------------------- 
 
  
  
197 
 
BLOCK:  HX-202   MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S-206    
   OUTLET STREAM:            S-207    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
   COLD SIDE: 
   ---------- 
   INLET STREAM:             COLDH2O  
   OUTLET STREAM:            HOTH2O   
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4365.17         4365.17         0.00000     
       MASS(LB/HR   )            111657.         111657.         0.00000     
       ENTHALPY(BTU/HR  )      -0.496412E+09   -0.496412E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED HOT OUTLET TEMP      
     SPECIFIED VALUE                F                      104.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        PSI                      0.0000 
     COLD SIDE PRESSURE DROP        PSI                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-206     ----->|                HOT                 |-----> S-207    
   T=  4.0200D+02  |                                    |       T=  1.0400D+02 
   P=  8.9923D+02  |                                    |       P=  8.9923D+02 
   V=  2.6591D-01  |                                    |       V=  0.0000D+00 
                   |                                    | 
   HOTH2O    <-----|                COLD                |<----- COLDH2O  
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   T=  2.1203D+02  |                                    |       T=  8.9960D+01 
   P=  1.4696D+01  |                                    |       P=  1.4696D+01 
   V=  5.9801D-02  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR            12592567.0504 
     CALCULATED (REQUIRED) AREA     SQFT                  1222.9965 
     ACTUAL EXCHANGER AREA          SQFT                  1222.9965 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R            183074.8241 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                       68.7837 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      0.0000 
     COLDSIDE, TOTAL                PSI                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                   |                   |                   | 
 HOT IN  |        COND       |        LIQ        |        LIQ        | HOT OUT  
 ------> |                   |                   |                   |------> 
  402.0  |              373.0|              349.4|                   |  104.0 
         |                   |                   |                   | 
 COLDOUT |        BOIL       |        BOIL       |        LIQ        | COLDIN   
 <------ |                   |                   |                   |<------ 
  212.0  |              212.0|              212.0|                   |   90.0 
         |                   |                   |                   | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   BTU/HR-R         
     1    3043498.570       116.1166     175.0957   149.6937       17381.9193 
     2     925450.386        41.5248     148.8820   149.6937        6215.9991 
     3    8623618.094      1065.3551      54.0744   149.6937      159476.9057 
 
 HEATX COLD-TQCU HX-202   TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         PSI              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  BTU/HR    !  PSIA      !  F         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !    14.6959 !   212.0321 !  5.9801-02 ! 
 !  5.9965+05 !    14.6959 !   212.0321 !  5.0766-02 ! 
 !  1.1993+06 !    14.6959 !   212.0321 !  4.1731-02 ! 
 !  1.7989+06 !    14.6959 !   212.0321 !  3.2696-02 ! 
 !  2.3986+06 !    14.6959 !   212.0321 !  2.3661-02 ! 
 !------------+------------+------------+------------! 
 !  2.9982+06 !    14.6959 !   212.0321 !  1.4626-02 ! 
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 !  3.5979+06 !    14.6959 !   212.0321 !  5.5910-03 ! 
 !  3.9689+06 !    14.6959 !   212.0321 ! BUB>0.0    ! 
 !  4.1975+06 !    14.6959 !   208.9543 !     0.0    ! 
 !  4.7972+06 !    14.6959 !   200.8349 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  5.3968+06 !    14.6959 !   192.6513 !     0.0    ! 
 !  5.9965+06 !    14.6959 !   184.4046 !     0.0    ! 
 !  6.5961+06 !    14.6959 !   176.0961 !     0.0    ! 
 !  7.1958+06 !    14.6959 !   167.7273 !     0.0    ! 
 !  7.7954+06 !    14.6959 !   159.2996 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  8.3950+06 !    14.6959 !   150.8146 !     0.0    ! 
 !  8.9947+06 !    14.6959 !   142.2738 !     0.0    ! 
 !  9.5943+06 !    14.6959 !   133.6789 !     0.0    ! 
 !  1.0194+07 !    14.6959 !   125.0319 !     0.0    ! 
 !  1.0794+07 !    14.6959 !   116.3345 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.1393+07 !    14.6959 !   107.5887 !     0.0    ! 
 !  1.1993+07 !    14.6959 !    98.7965 !     0.0    ! 
 !  1.2593+07 !    14.6959 !    89.9600 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR HX-202   TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         PSI              
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  BTU/HR    !  PSIA      !  F         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !   899.2340 !   402.0032 !     0.2659 ! 
 !  5.9965+05 !   899.2340 !   388.1505 !     0.2539 ! 
 !  1.1993+06 !   899.2340 !   374.2097 !     0.2403 ! 
 !  1.7989+06 !   899.2340 !   360.9061 !     0.2224 ! 
 !  2.3986+06 !   899.2340 !   351.0896 !     0.1881 ! 
 !------------+------------+------------+------------! 
 !  2.9982+06 !   899.2340 !   371.1263 !  1.5785-02 ! 
 !  3.5979+06 !   899.2340 !   359.0354 !     0.0    ! 
 !  3.9689+06 !   899.2340 !   349.4041 !     0.0    ! 
 !  4.1975+06 !   899.2340 !   343.3816 !     0.0    ! 
 !  4.7972+06 !   899.2340 !   327.2837 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  5.3968+06 !   899.2340 !   310.7950 !     0.0    ! 
 !  5.9965+06 !   899.2340 !   293.9659 !     0.0    ! 
 !  6.5961+06 !   899.2340 !   276.8471 !     0.0    ! 
 !  7.1958+06 !   899.2340 !   259.4920 !     0.0    ! 
 !  7.7954+06 !   899.2340 !   241.9583 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  8.3950+06 !   899.2340 !   224.3100 !     0.0    ! 
 !  8.9947+06 !   899.2340 !   206.6174 !     0.0    ! 
 !  9.5943+06 !   899.2340 !   188.9575 !     0.0    ! 
 !  1.0194+07 !   899.2340 !   171.4119 !     0.0    ! 
 !  1.0794+07 !   899.2340 !   154.0647 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.1393+07 !   899.2340 !   136.9982 !     0.0    ! 
 !  1.1993+07 !   899.2340 !   120.2884 !     0.0    ! 
 !  1.2593+07 !   899.2340 !   104.0000 !     0.0    ! 
 ----------------------------------------------------- 
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 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-135    
   OUTLET STREAM:         S-202    
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            441.262         441.262         0.00000     
       MASS(LB/HR   )            39363.0         39363.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.330353E+08   -0.327584E+08   -0.837994E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 899.000       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         947.114       
    PRESSURE CHANGE  PSI                                  879.300       
    NPSH AVAILABLE   FT-LBF/LB                             -5.28832     
    FLUID POWER  HP                                        60.5671      
    BRAKE POWER  HP                                       108.800       
    ELECTRICITY  KW                                        81.1318      
    PUMP EFFICIENCY USED                                    0.55668     
    NET WORK REQUIRED  HP                                 108.800       
    HEAD DEVELOPED FT-LBF/LB                            3,046.59        
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  R-201    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         S-201       S-203    
   OUTLET STREAM:         EFFLUENT 
   PROPERTY OPTION SET:   NRTL      RENON (NRTL) / IDEAL GAS                     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         598.433       587.891      -10.5416       0.00000     
   MASS(LB/HR   )         43772.2       43772.2                     0.00000     
   ENTHALPY(BTU/HR  )   -0.177340E+08 -0.205618E+08                0.137529     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     P-XYL-01   1.00    WATER      1.00    ETHYL-01  -1.00    2:5-D-01  -1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
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     2:5-H-01   1.00    WATER     -1.00    2:5-D-01  -1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -1.00    ETHYL-01  -1.00    4-ETH-01   1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:2:5-D-01 CONV FRAC: 0.9801     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:WATER    CONV FRAC: 0.1010E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:P-XYL-01 CONV FRAC: 0.7000E-01 
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 662.000       
   SPECIFIED PRESSURE    PSIA                              899.234       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    662.00     
   OUTLET PRESSURE       PSIA                                 899.23     
   HEAT DUTY             BTU/HR                             -0.28278E+07 
   VAPOR FRACTION                                            0.62555     
 
 
 
   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
      1                   2:5-D-01          -65876.     
      2                   2:5-D-01          -12825.     
      3                   P-XYL-01          -43568.     
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  131.61     
      2                  1.3292     
      3                  9.2124     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      P-XYL-01         0.20819        0.47344        0.49410E-01    0.10436     
      2:5-H-01         0.22610E-02    0.42118E-02    0.10932E-02    0.25956     
      WATER            0.22160        0.81408E-03    0.35376         434.55     
      ETHYL-01         0.27817E-01    0.13255E-02    0.43675E-01     32.949     
      2:5-D-01         0.22843E-02    0.17523E-02    0.26027E-02     1.4853     
      4-ETH-01         0.15670E-01    0.29450E-01    0.74216E-02    0.25201     
      N-HEX-01         0.52218        0.48900        0.54204         1.1084     
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A.4 Material Safety Data Sheets (MSDS)  
Material Safety Data Sheet 
Dextrose Anhydrous 
ACC# 06365 
Section 1 - Chemical Product and Company Identification 
MSDS Name: Dextrose Anhydrous  
Catalog Numbers: AC410950010, S73415, S73418, S73418-1, S73418-2, BP350 1, 
BP350-1, BP350-500, BP3501, BP350500, CRN D16 10, CRND16 10, CRND1610, D14-1, 
D14-212, D14-50, D14-500, D1450LC, D15 3, D15-10, D15-50, D1510, D153, D1550, 
D15500, D16 1, D16 10, D16 3, D16 50, D16 500, D16-1, D16-10, D16-3, D16-50, D16-
500, D161, D1610, D163, D1650, D16500, D1812, D18212, D1912, D19212, D1950, 
NC9519486, NC9539130, NC9614447, NC9823372, S734181, S734182, XXD16100KG-X, 
XXD1625KG  
Synonyms: Corn Sugar, Glucose, D-Glucose, Grape Sugar.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
50-99-7 Glucose >99 200-075-1 
 
Hazard Symbols: None listed.  
Risk Phrases: None listed.  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: white. Caution! This is expected to be a low hazard for usual industrial 
handling. May cause eye and skin irritation. May cause respiratory and digestive tract 
irritation.  
Target Organs: No data found.  
 
 
Potential Health Effects  
Eye: May cause eye irritation.  
Skin: May cause skin irritation. Low hazard for usual industrial handling.  
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Ingestion: No hazard expected in normal industrial use. May cause irritation of the 
digestive tract.  
Inhalation: No hazard expected in normal industrial use. May cause respiratory tract 
irritation.  
Chronic: No information found. 
Section 4 - First Aid Measures 
 
 
Eyes: Gently lift eyelids and flush continuously with water. If irritation develops, get 
medical aid.  
Skin: Get medical aid if irritation develops or persists. Wash clothing before reuse. Flush 
skin with plenty of soap and water.  
Ingestion: Get medical aid. Do NOT induce vomiting. If conscious and alert, rinse mouth 
and drink 2-4 cupfuls of milk or water. Get medical aid if irritation or symptoms occur.  
Inhalation: Remove from exposure to fresh air immediately. If not breathing, give artificial 
respiration. If breathing is difficult, give oxygen. Get medical aid if cough or other 
symptoms appear.  
Notes to Physician: Treat symptomatically and supportively. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Dusts at 
sufficient concentrations can form explosive mixtures with air. During a fire, irritating and 
highly toxic gases may be generated by thermal decomposition or combustion.  
Extinguishing Media: Use agent most appropriate to extinguish fire. Use water spray, dry 
chemical, carbon dioxide, or appropriate foam. 
Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. 
Clean up spills immediately, observing precautions in the Protective Equipment section. 
Avoid generating dusty conditions. Provide ventilation. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Use with adequate ventilation. Minimize dust 
generation and accumulation. Avoid contact with eyes, skin, and clothing. Keep container 
tightly closed. Avoid ingestion and inhalation.  
Storage: Store in a cool, dry, well-ventilated area away from incompatible substances. 
Section 8 - Exposure Controls, Personal Protection 
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Engineering Controls: Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. Use adequate ventilation to keep airborne 
concentrations low.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Glucose none listed none listed none listed 
 
OSHA Vacated PELs: Glucose: No OSHA Vacated PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Protective garments not normally required.  
Clothing: Protective garments not normally required.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant a respirator's use. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Solid  
Appearance: white  
Odor: odorless  
pH: 5.9 (0.5M)  
Vapor Pressure: Negligible.  
Vapor Density: Not applicable.  
Evaporation Rate:Negligible.  
Viscosity: Not applicable.  
Boiling Point: Not available.  
Freezing/Melting Point:295 deg F  
Autoignition Temperature: Not applicable.  
Flash Point: Not applicable.  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 0; Flammability: 0; Reactivity: 0  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
Solubility: Soluble in water.  
Specific Gravity/Density:1.54 (water=1)  
Molecular Formula:C6H12O6  
Molecular Weight:180.0804 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, dust generation, excess heat.  
Incompatibilities with Other Materials: Oxidizing agents.  
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Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and 
gases, carbon dioxide.  
Hazardous Polymerization: Has not been reported. 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 50-99-7: LZ6600000  
LD50/LC50: 
CAS# 50-99-7: 
Oral, rat: LD50 = 25800 mg/kg;<br. 
  
Carcinogenicity: 
CAS# 50-99-7: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No information available.  
Teratogenicity: No information available.  
Reproductive Effects: No information available.  
Neurotoxicity: No information available.  
Mutagenicity: No information available.  
Other Studies: See actual entry in RTECS for complete information.</br. 
Section 12 - Ecological Information 
 
No information available. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
 
 US DOT IATA RID/ADR IMO 
Canada 
TDG 
Shipping Name: 
No 
information 
available.    
No 
information 
available. 
Hazard Class:      
UN Number:      
Packing Group:      
 
Section 15 - Regulatory Information 
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US FEDERAL 
 
TSCA  
CAS# 50-99-7 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
None of the chemicals in this material have an RQ.  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 50-99-7: flammable.  
Section 313 
No chemicals are reportable under Section 313.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. 
None of the chemicals in this product are listed as Priority Pollutants under the CWA. None 
of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 50-99-7 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
Not available.  
Risk Phrases: 
 
Safety Phrases: 
 
WGK (Water Danger/Protection) 
CAS# 50-99-7: 0  
Canada 
CAS# 50-99-7 is listed on Canada's DSL List. CAS# 50-99-7 is listed on Canada's DSL List.  
This product does not have a WHMIS classification.  
CAS# 50-99-7 is not listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
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Section 16 - Additional Information 
 
MSDS Creation Date: 7/14/1999  
Revision #1 Date: 8/02/2000  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
5-(Hydroxymethyl)furfural 
ACC# 57668 
Section 1 - Chemical Product and Company Identification 
MSDS Name: 5-(Hydroxymethyl)furfural  
Catalog Numbers: AC121460000, AC121460010, AC121460050  
Synonyms: 5-(Hydroxymethyl)-2-furaldehyde.  
Company Identification: 
              Acros Organics N.V. 
              One Reagent Lane 
              Fair Lawn, NJ 07410 
For information in North America, call: 800-ACROS-01 
For emergencies in the US, call CHEMTREC: 800-424-9300 
 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
67-47-0 5-(Hydroxymethyl)furfural 98 200-654-9 
 
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: yellow solid. Flash Point: 79 deg C. 
Warning! Causes eye, skin, and respiratory tract irritation. Material is a solid at room 
temperature that melts upon moderate heating into a combustible liquid with a flash point 
below 200°F(93.3°C).  
Target Organs: Kidneys, central nervous system, respiratory system, eyes, skin.  
 
 
Potential Health Effects  
Eye: Causes eye irritation.  
Skin: Causes skin irritation. May be harmful if absorbed through the skin.  
Ingestion: May cause irritation of the digestive tract. May be harmful if swallowed.  
Inhalation: Causes respiratory tract irritation. May be harmful if inhaled.  
Chronic: Laboratory experiments have resulted in mutagenic effects. May cause kidney 
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damage. Exposure to high concentrations may cause central nervous system depression. 
Animal studies have reported the development of tumors. 
Section 4 - First Aid Measures 
 
 
Eyes: Get medical aid. Immediately flush eyes with plenty of water for at l east 15 
minutes.  
Skin: Get medical aid. Immediately flush skin with plenty of water for at least 15 minutes 
while removing contaminated clothing and shoes.  
Ingestion: Do not induce vomiting. Get medical aid.  
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, 
give artificial respiration. If breathing is difficult, give oxygen. Get medical aid.  
Notes to Physician: Treat symptomatically and supportively. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Will 
burn if involved in a fire. Containers may explode in the heat of a fire. Material is a solid at 
room temperature that melts upon moderate heating into a combustible liquid with a flash 
point below 200°F(93.3°C).  
Extinguishing Media: Use water spray, dry chemical, carbon dioxide, or chemical foam.  
Flash Point: 79 deg C ( 174.20 deg F)  
Autoignition Temperature: Not applicable.  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
NFPA Rating: (estimated) Health: 2; Flammability: 2; Instability: 1 
Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Sweep up or absorb material, then place into a suitable clean, dry, closed 
container for disposal. Avoid generating dusty conditions. Remove all sources of ignition. 
Use a spark-proof tool. Do not let this chemical enter the environment. 
Section 7 - Handling and Storage 
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Handling: Use with adequate ventilation. Minimize dust generation and accumulation. Use 
spark-proof tools and explosion proof equipment. Do not get in eyes, on skin, or on 
clothing. Keep away from heat, sparks and flame. Do not ingest or inhale.  
Storage: Keep away from sources of ignition. Store in a cool, dry place. Store in a tightly 
closed container. Keep refrigerated. (Store below 4°C/39°F.) Store protected from light. 
Store under nitrogen. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Use explosion-proof ventilation equipment. Facilities storing or 
utilizing this material should be equipped with an eyewash facility and a safety shower. Use 
adequate ventilation to keep airborne concentrations low.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
5-
(Hydroxymethyl)furfural none listed none listed none listed 
 
OSHA Vacated PELs: 5-(Hydroxymethyl)furfural: No OSHA Vacated PELs are listed for this 
chemical.  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant respirator use. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Solid  
Appearance: yellow  
Odor: None reported.  
pH: Not available.  
Vapor Pressure: Not available.  
Vapor Density: Not available.  
Evaporation Rate:Not available.  
Viscosity: Not available.  
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Boiling Point: 114 - 116 deg C @ 1 mmHg  
Freezing/Melting Point:30 - 34 deg C  
Decomposition Temperature:Not available.  
Solubility: soluble  
Specific Gravity/Density:Not available.  
Molecular Formula:C6H6O3  
Molecular Weight:126.11 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Light sensitive.  
Conditions to Avoid: Incompatible materials, light, ignition sources, dust generation, 
excess heat.  
Incompatibilities with Other Materials: Strong bases, strong oxidizing agents, strong 
reducing agents.  
Hazardous Decomposition Products: Carbon monoxide, carbon dioxide.  
Hazardous Polymerization: Has not been reported. 
Section 11 - Toxicological Information 
 
 
RTECS#:       
CAS# 67-47-0: LT7031100  
LD50/LC50: 
CAS# 67-47-0: 
     Oral, rat: LD50 = 2500 mg/kg; 
. 
 
Carcinogenicity: 
CAS# 67-47-0: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: Tumorigenic effects have been reported in experimental animals.  
Teratogenicity: No information found  
Reproductive Effects: No information found  
Mutagenicity: Mutagenic effects have occurred in experimental animals.  
Neurotoxicity: No information found  
Other Studies: 
Section 12 - Ecological Information 
 
 
Ecotoxicity: No data available. No information available.  
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Environmental: No information available.  
Physical: No information available.  
Other: Do not empty into drains. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
 
 US DOT Canada TDG 
Shipping Name: Not Regulated Not Regulated 
Hazard Class:   
UN Number:   
Packing Group:   
 
Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
     CAS# 67-47-0 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     None of the chemicals in this material have an RQ.  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
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Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
     None of the chemicals in this product are listed as Hazardous Substances under the 
CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 67-47-0 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     XI  
Risk Phrases: 
     R 36/37/38 Irritating to eyes, respiratory system and skin.  
 
Safety Phrases: 
     S 26 In case of contact with eyes, rinse immediately with plenty of  
     water and seek medical advice.  
     S 37/39 Wear suitable gloves and eye/face protection.  
 
WGK (Water Danger/Protection) 
     CAS# 67-47-0: No information available.  
Canada - DSL/NDSL 
     CAS# 67-47-0 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of B3, D2B.  
This product has been classified in accordance with the hazard criteria of the Controlled 
Products Regulations and the MSDS contains all of the information required by those 
regulations.  
Canadian Ingredient Disclosure List 
Section 16 - Additional Information 
MSDS Creation Date: 6/25/1998  
Revision #6 Date: 4/02/2008  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
2,5-Dimethylfuran, 99% 
ACC# 03657 
Section 1 - Chemical Product and Company Identification 
MSDS Name: 2,5-Dimethylfuran, 99%  
Catalog Numbers: AC176030000, AC176030250, AC176031000  
Synonyms: None known.  
Company Identification: 
              Acros Organics N.V. 
              One Reagent Lane 
              Fair Lawn, NJ 07410 
For information in North America, call: 800-ACROS-01 
For emergencies in the US, call CHEMTREC: 800-424-9300 
 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
625-86-5 2,5-Dimethylfuran 99 210-914-3 
 
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: clear, colorless liquid. Flash Point: < 1 deg C. 
Danger! Highly flammable. May cause eye and skin irritation. May cause respiratory and 
digestive tract irritation. May cause central nervous system depression. The toxicological 
properties of this material have not been fully investigated.  
Target Organs: Central nervous system.  
 
 
Potential Health Effects  
Eye: May cause eye irritation. May cause chemical conjunctivitis and corneal damage.  
Skin: May cause irritation and dermatitis. May cause cyanosis of the extremities.  
Ingestion: May cause gastrointestinal irritation with nausea, vomiting and diarrhea. The 
toxicological properties of this substance have not been fully investigated. Ingestion of large 
amounts may cause CNS depression.  
Inhalation: May cause respiratory tract irritation. The toxicological properties of this 
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substance have not been fully investigated. Aspiration may lead to pulmonary edema. 
Vapors may cause dizziness or suffocation. May cause burning sensation in the chest.  
Chronic: Effects may be delayed. 
Section 4 - First Aid Measures 
 
 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally 
lifting the upper and lower eyelids. Get medical aid.  
Skin: Get medical aid. Flush skin with plenty of water for at least 15 minutes while 
removing contaminated clothing and shoes. Wash clothing before reuse.  
Ingestion: If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give 
anything by mouth to an unconscious person. Get medical aid. Do NOT induce vomiting. If 
conscious and alert, rinse mouth and drink 2-4 cupfuls of milk or water.  
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, 
give artificial respiration. If breathing is difficult, give oxygen. Get medical aid. Do NOT use 
mouth-to-mouth resuscitation.  
Notes to Physician: Treat symptomatically and supportively. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Vapors 
may form an explosive mixture with air. Vapors can travel to a source of ignition and flash 
back. During a fire, irritating and highly toxic gases may be generated by thermal 
decomposition or combustion. Use water spray to keep fire-exposed containers cool. Water 
may be ineffective. Material is lighter than water and a fire may be spread by the use of 
water. Flammable liquid and vapor. Vapors may be heavier than air. They can spread along 
the ground and collect in low or confined areas. Will be easily ignited by heat, sparks or 
flame. Containers may explode if exposed to fire.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or 
alcohol-resistant foam. Water may be ineffective. Water may spread fire. If water is the only 
media available, use in flooding amounts. For large fires, use water spray, fog or alcohol-
resistant foam. Do NOT use straight streams of water. Cool containers with flooding 
quantities of water until well after fire is out.  
Flash Point: < 1 deg C (< 33.80 deg F)  
Autoignition Temperature: Not available.  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
NFPA Rating: (estimated) Health: 2; Flammability: 3; Instability: 0 
Section 6 - Accidental Release Measures 
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General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place 
in suitable container. Avoid runoff into storm sewers and ditches which lead to waterways. 
Clean up spills immediately, observing precautions in the Protective Equipment section. 
Remove all sources of ignition. Use a spark-proof tool. Provide ventilation. A vapor 
suppressing foam may be used to reduce vapors. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Use with adequate ventilation. Ground and bond 
containers when transferring material. Use spark-proof tools and explosion proof 
equipment. Avoid contact with eyes, skin, and clothing. Empty containers retain product 
residue, (liquid and/or vapor), and can be dangerous. Keep container tightly closed. Keep 
away from heat, sparks and flame. Avoid ingestion and inhalation. Do not pressurize, cut, 
weld, braze, solder, drill, grind, or expose empty containers to heat, sparks or open flames.  
Storage: Keep away from heat and flame. Keep away from sources of ignition. Store in a 
tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. Flammables-area. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. Use adequate general or local explosion-proof 
ventilation to keep airborne levels to acceptable levels.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
2,5-Dimethylfuran none listed none listed none listed 
 
OSHA Vacated PELs: 2,5-Dimethylfuran: No OSHA Vacated PELs are listed for this 
chemical.  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and 
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ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant respirator use. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Liquid  
Appearance: clear, colorless  
Odor: None reported.  
pH: Not available.  
Vapor Pressure: Not available.  
Vapor Density: 3.31  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: 92.0 - 94.0 deg C  
Freezing/Melting Point:-62 deg C  
Decomposition Temperature:Not available.  
Solubility: insoluble  
Specific Gravity/Density:.9030g/cm3  
Molecular Formula:C6H8O  
Molecular Weight:96.13 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, ignition sources, excess heat, strong 
oxidants.  
Incompatibilities with Other Materials: Oxidizing agents.  
Hazardous Decomposition Products: Carbon monoxide, carbon monoxide, carbon 
dioxide.  
Hazardous Polymerization: Has not been reported. 
Section 11 - Toxicological Information 
 
 
RTECS#:       
CAS# 625-86-5: LU0875000  
LD50/LC50: 
Not available. 
 
Carcinogenicity: 
CAS# 625-86-5: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
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Epidemiology: No information found  
Teratogenicity: No information found  
Reproductive Effects: No information found  
Mutagenicity: Mutagenic effects have occurred in experimental animals.  
Neurotoxicity: No information found  
Other Studies: 
Section 12 - Ecological Information 
 
No information available. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
 
 US DOT Canada TDG 
Shipping Name: FLAMMABLE LIQUIDS, N.O.S. FLAMMABLE LIQUID NOS (2,5-DIMETHYLFURAN) 
Hazard Class: 3 3 
UN Number: UN1993 UN1993 
Packing Group: II II 
Additional Info:  FP 1 C 
   
 
Section 15 - Regulatory Information 
 
US FEDERAL 
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TSCA  
     CAS# 625-86-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     None of the chemicals in this material have an RQ.  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
     None of the chemicals in this product are listed as Hazardous Substances under the 
CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 625-86-5 can be found on the following state right to know lists: New Jersey, 
Pennsylvania, Massachusetts.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     F  
Risk Phrases: 
     R 11 Highly flammable.  
 
Safety Phrases: 
     S 16 Keep away from sources of ignition - No smoking.  
     S 33 Take precautionary measures against static discharges.  
     S 37 Wear suitable gloves.  
     S 45 In case of accident or if you feel unwell, seek medical advice  
     immediately (show the label where possible).  
     S 9 Keep container in a well-ventilated place.  
     S 28A After contact with skin, wash immediately with plenty of water  
     .  
 
WGK (Water Danger/Protection) 
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     CAS# 625-86-5: No information available.  
Canada - DSL/NDSL 
     CAS# 625-86-5 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of B2, D2B.  
This product has been classified in accordance with the hazard criteria of the Controlled 
Products Regulations and the MSDS contains all of the information required by those 
regulations.  
Canadian Ingredient Disclosure List 
Section 16 - Additional Information 
 
MSDS Creation Date: 9/02/1997  
Revision #7 Date: 11/20/2008  
 
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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MATHESON TRI-GAS, INC. -- P-XYLENE -- - 
=====================  Product Identification  ===================== 
 
Product ID:P-XYLENE 
MSDS Date:Jan 24 1989 
MSDS Number: EEENK 
Kit Part:=== Responsible Party === 
Company Name:MATHESON TRI-GAS, INC. 
Address:959 ROUTE 46 EAST 
City:PARSIPPANY 
State:NJ 
ZIP:07054-0624 
Country:US 
Info Phone Num:(USA) 973-257-1100, (WHITBY) 905-668-3570, (EDMONTON) 
    780-471-4036 
Chemtrec Ind/Phone:18004249300 
=== Contractor Identification === 
Company Name:MATHESON TRI-GAS, INC. 
Address:959 ROUTE 46 EAST 
Box:City:PARSIPPANY 
State:NJ 
ZIP:07054-0624 
Country:US 
Phone:(USA) 973-257-1100, (WHITBY) 905-668-3570, (EDMONTON) 
    780-471-4036 
CAGE:Company Name:MATHESON TRI-GAS, INC. 
Address:530 WATSON STREET 
Box:City:WHITBY 
State:ZIP:L1N 5R9 
Country:ONTARIO, CANADA 
Phone:(USA) 973-257-1100, (WHITBY) 905-668-3570, (EDMONTON) 
    780-471-4036 
CAGE: 
 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name:P-XYLENE 
CAS:106-42-3 
Fraction by Wt: 100.0% 
 
=====================  Hazards Identification  ===================== 
 
Reports of Carcinogenicity:NTP:No    IARC:No OSHA:No 
Health Hazards Acute and Chronic:INHALATION: SHORT TERM EXPOSURE: 
    irritation, low body temperature, ringing in the ears, nausea, 
    vomiting, stomach pain, headache, drowsiness, symptoms of 
    drunkenness, visual disturbances, lung congestion, kidney damage, 
    liver damage, coma LONG TERM EXPOSURE: tingling sensation, 
    menstrual disorders, infertility, reproductive effects, convulsions 
    SKIN CONTACT: SHORT TERM EXPOSURE: irritation, blisters LONG TERM 
    EXPOSURE: rash EYE CONTACT: SHORT TERM EXPOSURE: irritation 
    (possibly severe), tearing LONG TERM EXPOSURE: blurred vision 
    INGESTION: SHORT TERM EXPOSURE: digestive disorders, symptoms of 
    drunkenness, lung congestion, kidney damage, liver damage LONG TERM 
    EXPOSURE: reproductive effects 
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Medical Cond Aggravated by Exposure: 
 
=======================  First Aid Measures  ======================= 
 
First Aid: INHALATION: If adverse effects occur, remove to 
    uncontaminated area. Give artificial respiration if not breathing. 
    If breathing is difficult, oxygen should be administered by 
    qualified personnel. Get immediate medical attention. SKIN CONTACT: 
    Wash skin with soap and water for at least 15 minutes while 
    removing contaminated clothing and shoes. Get medical attention, if 
    needed. Thoroughly clean and dry contaminated clothing and shoes 
    before reuse. EYE CONTACT: Flush eyes with plenty of water for at 
    least 15 minutes. Then get immediate medical attention. INGESTION: 
    Contact local poison control center or physician immediately. Never 
    make an unconscious person vomit or drink fluids. When vomiting 
    occurs, keep head lower than hips to help prevent aspiration. If 
    person is unconscious, turn head to side. Get medical attention 
    immediately. NOTE TO PHYSICIAN: For inhalation, consider oxygen.   
    For ingestion, consider gastric lavage. 
 
=====================  Fire Fighting Measures  ===================== 
 
Flash Point:81 F (27 C) (CC) 
Autoignition Temp:982 F (528 C) 
Lower Limits:1.1% 
Upper Limits:7.0% 
Extinguishing Media:regular dry chemical, carbon dioxide, water, 
    regular foam Large fires: Use regular foam or flood with fine water 
    spray. 
Fire Fighting Procedures:Move container from fire area if it can be 
    done without risk. Cool containers with water spray until well 
    after the fire is out. Stay away from the ends of tanks. For fires 
    in cargo or storage area: Cool containers with water from unmanned 
    hose holder or monitor nozzles until well after fire is out. If 
    this is impossible then take the following precautions: Keep 
    unnecessary people away, isolate hazard area and deny entry. Let 
    the fire burn. Withdraw immediately in case of rising sound from 
    venting safety device or any discoloration of tanks due to fire. 
    For tank, rail car or tank truck: Evacuation radius: 800 meters 
    (1/2 mile). Water may be ineffective. 
Unusual Fire/Explosion Hazard:Severe fire hazard. Vapor/air mixtures 
    are explosive above flash point. The vapor is heavier than air. 
    Vapors or gases may ignite at distant ignition sources and flash 
    back. Electrostatic discharges may be generated by flow or 
    agitation resulting in ignition or explosion. 
 
==================  Accidental Release Measures  ================== 
 
Neutralizing Agent: 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions:Store and handle in accordance with 
    all current regulations and standards. Subject to storage 
    regulations: U.S. OSHA 29 CFR 1910.106. Grounding and bonding 
    required. Protect from physical damage. Store outside or in a 
    detached building. Store with flammable liquids. Keep separated 
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    from incompatible substances. Keep separated from incompatible 
    substances. 
Other Precautions: 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection:The following respirators and maximum use 
    concentrations are drawn from NIOSH and/or OSHA. 900 ppm Any 
    chemical cartridge respirator with organic vapor cartridge(s). Any 
    powered, air-purifying respirator with organic vapor cartridge(s). 
    Any supplied-air respirator. Any self-contained breathing apparatus 
    with a full facepiece. Escape - Any air-purifying respirator with a 
    full facepiece and an organic vapor canister. Any appropriate 
    escape-type, self-contained breathing apparatus. For Unknown 
    Concentrations or Immediately Dangerous to Life or Health - Any 
    supplied-air respirator with full facepiece and operated in a 
    pressure-demand or other positive-pressure mode in combination with 
    a separate escape supply. Any self-contained breathing apparatus 
    with a full facepiece. 
Ventilation:Provide local exhaust ventilation system. Ventilation 
    equipment should be explosion-resistant if explosive concentrations 
    of material are present. Ensure compliance with applicable exposure 
    limits. 
Protective Gloves:Wear appropriate chemical resistant gloves. 
Eye Protection:Wear splash resistant safety goggles. Provide an 
    emergency eye wash fountain and quick drench shower in the 
    immediate work area. 
Other Protective Equipment:Wear appropriate chemical resistant 
    clothing. 
Supplemental Safety and Health 
 P-XYLENE: XYLENE: 100 ppm (435 mg/m3) OSHA TWA 150 ppm (651 mg/m3) 
    OSHA STEL (vacated by 58 FR 35338, June 30, 1993) 100 ppm ACGIH TWA 
    150 ppm ACGIH STEL 100 ppm (435 mg/m3) NIOSH recommended TWA 10 
    hour(s) 150 ppm (655 mg/m3) NIOSH recommended STEL 
 
==================  Physical/Chemical Properties  ================== 
 
Boiling Pt:280 F (138 C) 
Melt/Freeze Pt:55 F (13 C) 
Vapor Pres:8.6 mmHg @ 25 C 
Vapor Density:3.7 
Spec Gravity:0.8611 
pH:Not available 
Evaporation Rate & Reference:0.7 (butyl acetate=1) 
Solubility in Water:insoluble 
Appearance and Odor:PHYSICAL STATE:liquid APPEARANCE:clear 
    COLOR:colorless ODOR:sweet odor 
Corrosion Rate: 
 
=================  Stability and Reactivity Data  ================= 
 
Stability Indicator/Materials to Avoid:Stable at normal temperatures 
    and pressure. 
Stability Condition to Avoid:Avoid heat, flames, sparks and other 
    sources of ignition. Containers may rupture or explode if exposed 
    to heat. Keep out of water supplies and sewers. 
Hazardous Decomposition Products:Thermal decomposition products: oxides 
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    of carbon Thermal decomposition products: oxides of carbon 
Conditions to Avoid Polymerization:Will not polymerize. 
 
===================  Toxicological Information =================== 
 
Toxicological Information:P-XYLENE: TOXICITY DATA: 4550 ppm/4 hour(s) 
    inhalation-rat LC50; 5 gm/kg oral-rat LD50 LOCAL EFFECTS: Irritant: 
    inhalation, skin, eye ACUTE TOXICITY LEVEL: Moderately Toxic: 
    inhalation, ingestion TARGET ORGANS: central nervous system 
    REPRODUCTIVE EFFECTS DATA: Available. ADDITIONAL DATA: Alcohol may 
    enhance the toxic effects. Stimulants such as epinephrine may 
    induce ventricular fibrillation. 
 
=====================  Ecological Information  ===================== 
 
Ecological:ECOTOXICITY DATA: FISH TOXICITY: 8800 ug/L 96 hour(s) LC50 
    (Mortality) Guppy (Poecilia reticulata) INVERTEBRATE TOXICITY: 3600 
    ug/L 24 hour(s) EC50 (Immobilization) Water flea (Daphnia magna) 
    ALGAL TOXICITY: 4400 ug/L 8 hour(s) EC50 (Growth) Green algae 
    (Selenastrum capricornutum) 
 
====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods:Subject to disposal regulations: U.S. EPA 40 CFR 
    262. Hazardous Waste Number(s): U239. Dispose in accordance with 
    all applicable regulations. 
 
===================  MSDS Transport Information  =================== 
 
Transport Information:U.S. DOT 49 CFR 172.101: PROPER SHIPPING NAME: 
    Xylenes ID NUMBER: UN1307 HAZARD CLASS OR DIVISION: 3 PACKING 
    GROUP: II LABELING REQUIREMENTS: Flammable liquid 
 
=====================  Regulatory Information  ===================== 
 
SARA Title III Information:  SARA TITLE III SECTION 302 EXTREMELY 
    HAZARDOUS SUBSTANCES (40 CFR 355.30): Not regulated.  SARA TITLE 
    III SECTION 304 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355.40): Not 
    regulated. SARA TITLE III SARA SECTIONS 311/312 HAZARDOUS 
    CATEGORIES (40 CFR 370.21):   ACUTE: Yes  CHRONIC: No  FIRE: Yes  
    REACTIVE: No  SUDDEN RELEASE: No  SARA TITLE III SECTION 313 (40 
    CFR 372.65):   p-Xylene 
Federal Regulatory Information:CERCLA SECTIONS 102a/103 HAZARDOUS 
    SUBSTANCES (40 CFR 302.4): p-Xylene: 100LBSRQ OSHA PROCESS SAFETY 
    (29CFR1910.119): Not regulated. 
State Regulatory Information: California Proposition 65: Not regulated. 
 
=======================  Other Information  ======================= 
 
 Disclaimer (provided with this information by the compiling agencies): 
 This information is formulated for use by elements of the Department 
 of Defense.  The United States of America in no manner whatsoever, 
 expressly or implied, warrants this information to be accurate and 
 disclaims all liability for its use.  Any person utilizing this 
 document should seek competent professional advice to verify and 
 assume responsibility for the suitability of this information to their 
 particular situation. 
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Material Safety Data Sheet 
1-Butanol 
ACC# 15400 
Section 1 - Chemical Product and Company Identification 
MSDS Name: 1-Butanol  
Catalog Numbers: S79930, S79930-1, S79930-2, S799302, S79932HPLC, S79932SPEC, 
A383-1, A383-4, A383J4, A383SK-1, A383SK-4, A384-1, A398-4, A399-1, A399-20, A399-
4, A399-500, A39920001, A3994LC, A3994LOT001, A3994LOT002, A399J4, A399J500, 
A399S-4, A399S4001, A400-4, BP2603100, BP505-25, BP505-500, NC9708376, 
NC9830521, S75058, S79930-2MF*, S799302MF, XXA399200LI  
Synonyms: Butanol; n-Butanol; Butan-1-ol; 1-Butanol; n-Butyl alcohol; 1-Butyl alcohol; 
Butyl hydroxide; 1-Hydroxybutane; Methylolpropane; Propylcarbinol; Propylmethanol.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
71-36-3 n-Butyl alcohol > 99 200-751-6 
 
Hazard Symbols: XN  
Risk Phrases: 10 20  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: colourless. Flash Point: 37 deg C. Warning! Flammable liquid and 
vapor. May be harmful if swallowed. May cause central nervous system depression. May 
cause adverse reproductive effects based upon animal studies. May cause liver and kidney 
damage. Causes severe eye and skin irritation. Aspiration hazard if swallowed. Can enter 
lungs and cause damage. Causes respiratory tract irritation. May be harmful if absorbed 
through the skin.  
Target Organs: Blood, kidneys, central nervous system, liver, eyes, ears.  
 
 
Potential Health Effects  
Eye: Causes severe eye irritation. May cause corneal edema and inflammation. May cause 
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lacrimation (tearing), blurred vision, and photophobia. Vapors appear to cause a special 
vacuolar keratopathy in humans.  
Skin: Causes severe skin irritation. May be harmful if absorbed through the skin. Repeated 
or prolonged exposure may cause drying and cracking of the skin.  
Ingestion: Causes gastrointestinal irritation with nausea, vomiting and diarrhea. May cause 
systemic toxicity with acidosis. May cause central nervous system depression, characterized 
by excitement, followed by headache, dizziness, drowsiness, and nausea. Advanced stages 
may cause collapse, unconsciousness, coma and possible death due to respiratory failure. 
May be harmful if swallowed. Aspiration may be fatal. May be absorbed from the 
gastrointestinal tract.  
Inhalation: Causes respiratory tract irritation. May cause cardiovascular disturbances, 
hearing abnormalities, central nervous system depression, muscle weakness, and possible 
death due to respiratory failure. May be absorbed through the lungs.  
Chronic: Prolonged or repeated skin contact may cause defatting and dermatitis. May cause 
reproductive and fetal effects. Laboratory experiments have resulted in mutagenic effects. 
Prolonged exposure may cause liver, kidney, and heart damage. May cause damage to the 
auditory nerve (some hearing loss) and vestibular injury. 
Section 4 - First Aid Measures 
 
 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally 
lifting the upper and lower eyelids. Get medical aid immediately.  
Skin: Get medical aid. Flush skin with plenty of soap and water for at least 15 minutes 
while removing contaminated clothing and shoes. Wash clothing before reuse.  
Ingestion: Do NOT induce vomiting. If victim is conscious and alert, give 2-4 cupfuls of 
milk or water. Never give anything by mouth to an unconscious person. Possible aspiration 
hazard. Get medical aid immediately. Wash mouth out with water.  
Inhalation: Remove from exposure to fresh air immediately. If breathing is difficult, give 
oxygen. Get medical aid. Do NOT use mouth-to-mouth resuscitation. If breathing has 
ceased apply artificial respiration using oxygen and a suitable mechanical device such as a 
bag and a mask.  
Notes to Physician: Alcoholic beverage consumption may enhance the toxic effects of this 
substance. Persons with liver, kidney, or central nervous system diseases may be at 
increased risk from exposure to this product. Butanol is especially toxic if aspirated. Treat 
symptomatically and supportively. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Vapors 
may form an explosive mixture with air. Vapors can travel to a source of ignition and flash 
back. Use water spray to keep fire-exposed containers cool. Flammable liquid and vapor. 
Vapors may be heavier than air. They can spread along the ground and collect in low or 
confined areas. May be ignited by heat, sparks, and flame. Containers may explode when 
heated.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or 
alcohol-resistant foam. For large fires, use water spray, fog, or alcohol-resistant foam. Use 
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water spray to cool fire-exposed containers. Water may be ineffective. Do NOT use straight 
streams of water. Cool containers with flooding quantities of water until well after fire is out. 
Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Avoid runoff into storm sewers and ditches which lead to waterways. 
Remove all sources of ignition. Absorb spill using an absorbent, non-combustible material 
such as earth, sand, or vermiculite. Do not use combustible materials such as saw dust. 
Provide ventilation. A vapor suppressing foam may be used to reduce vapors. Water spray 
may reduce vapor but may not prevent ignition in closed spaces. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before 
reuse. Use only in a well-ventilated area. Ground and bond containers when transferring 
material. Use spark-proof tools and explosion proof equipment. Avoid contact with eyes, 
skin, and clothing. Empty containers retain product residue, (liquid and/or vapor), and can 
be dangerous. Avoid contact with heat, sparks and flame. Do not ingest or inhale. Do not 
pressurize, cut, weld, braze, solder, drill, grind, or expose empty containers to heat, sparks 
or open flames. 
Storage: Keep away from heat, sparks, and flame. Keep away from sources of ignition. 
Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from 
incompatible substances. Store protected from explosives, organic peroxides, poisons, and 
radioactive materials. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. Use adequate general or local exhaust ventilation 
to keep airborne concentrations below the permissible exposure limits.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
n-Butyl alcohol 
(skin) - potential for 
cutaneous absorption; 
(C 50 ppm) 
1400 ppm IDLH (10 
percent lower explosive 
limit) 
100 ppm TWA; 300 
mg/m3 TWA 
 
OSHA Vacated PELs: n-Butyl alcohol: C 50 ppm; C 150 mg/m3  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant a respirator's use. 
228 
 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Liquid  
Appearance: colourless  
Odor: sweetish odor - putrid odor - fusel oil odor  
pH: Not available.  
Vapor Pressure: 6.5 mm Hg @ 25 deg C  
Vapor Density: 2.6 (Air=1)  
Evaporation Rate:0.46 (Butyl acetate=1)  
Viscosity: 2.94 cP at 20 deg C  
Boiling Point: 117.4 deg C  
Freezing/Melting Point:-90 deg C  
Autoignition Temperature: 343 deg C ( 649.40 deg F)  
Flash Point: 37 deg C ( 98.60 deg F)  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 1; Flammability: 3; Reactivity: 0  
Explosion Limits, Lower:1.4 vol %  
Upper: 11.2 vol %  
Solubility: Soluble.  
Specific Gravity/Density:0.810 (Water=1)  
Molecular Formula:CH3(CH2)2CH2OH  
Molecular Weight:74.12 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, ignition sources, excess heat.  
Incompatibilities with Other Materials: Oxidizing agents, reducing agents, acid 
chlorides, alkali metals, aluminum, copper, copper alloys, halogens, organic peroxides, acid 
anhydrides, chromium trioxide, mineral acids.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and 
gases, carbon dioxide.  
Hazardous Polymerization: Will not occur. 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 71-36-3: EO1400000  
LD50/LC50: 
CAS# 71-36-3: 
Draize test, rabbit, eye: 2 mg Severe; 
Draize test, rabbit, eye: 2 mg/24H Severe; 
Draize test, rabbit, skin: 405 mg/24H Moderate; 
Draize test, rabbit, skin: 20 mg/24H Moderate; 
Inhalation, rat: LC50 = 8000 ppm/4H; 
Oral, mouse: LD50 = 2680 mg/kg; 
Oral, rabbit: LD50 = 3484 mg/kg; 
229 
 
Oral, rat: LD50 = 790 mg/kg; 
Skin, rabbit: LD50 = 3400 mg/kg;<br. 
  
Carcinogenicity: 
CAS# 71-36-3: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: Mutation data has been reported.  
Teratogenicity: Oral, rat: TDLo = 35295 mg/kg (female 1-15 day(s) after conception) 
Effects on Embryo or Fetus - fetotoxicity (except death, e.g., stunted fetus) and Effects on 
Newborn - biochemical and metabolic.; Inhalation, rat: TCLo = 8000 ppm/7H (female 1-19 
day(s) after conception) Specific Developmental Abnormalities - musculoskeletal system.  
Reproductive Effects: Oral, rat: TDLo = 35295 mg/kg (female 1-15 day(s) after 
conception) Fertility - female fertility index (e.g. # females pregnant per # sperm positive 
females; # females pregnant per # females mated) and pre-implantation mortality (e.g. 
reduction in number of implants per female; total number of implants per corpora lutea)and 
post-implantation mortality (e.g. dead and/or resorbed implants per total number of 
implants).  
Neurotoxicity: No information available.  
Mutagenicity: Sex Chromosome Loss and Nondisjunction: Aspergillus nidulans = 7000 
ppm.; Sex Chromosome Loss and Nondisjunction: Hamster, Lung = 100 mmol/L.  
Other Studies: None.</br. 
Section 12 - Ecological Information 
 
 
Ecotoxicity: Fish: Fathead Minnow: LC50 = 1510-1730 mg/L; 96 Hr; Static bioassay at 
24.7°C (pH 7.64) flea Daphnia: EC50 = 1980-1983 mg/L; 48 Hr; Unspecified ria: 
Phytobacterium phosphoreum: EC50 = 2817-3710 mg/L; 5,30 min; Microtox test Release of 
n-butanol to soil may result in volatilization from the soil surface and biodegradation is 
expected to be significant. n-Butanol should not bind strongly to soil and so is expected to 
leach into groundwater. Release of n-butanol to water is expected to result in 
biodegradation and in volatilization from the water surface. Photooxidation by hydroxyl 
radicals is expected to be slow.  
Environmental: When released to soil, substance is expected to biodegrade, leach to 
ground water or volatilize. In water, substance is expected to biodegrade or volatilize. 
Bioconcentration potential is predicted to be low. Soil Mobility: Substance is moderately to 
highly mobile (log octanol/ water partition coefficient=0.88).  
Physical: Substance reacts in air with hydroxyl radicals (half-life=2.3 days).  
Other: None. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: CAS# 71-36-3: waste number U031; (Ignitable waste). 
Section 14 - Transport Information 
 
 US DOT IATA RID/ADR IMO Canada 
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TDG 
Shipping Name: BUTANOL    BUTANOLS 
Hazard Class: 3    3 
UN Number: UN1120    UN1120 
Packing Group: III    III 
Additional Info:     
FLASHPOINT 
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Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
CAS# 71-36-3 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 71-36-3: final RQ = 5000 pounds (2270 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 71-36-3: acute, flammable.  
Section 313 
This material contains n-Butyl alcohol (CAS# 71-36-3, 99%),which is subject to the 
reporting requirements of Section 313 of SARA Title III and 40 CFR Part 373.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. 
None of the chemicals in this product are listed as Priority Pollutants under the CWA. None 
of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 71-36-3 can be found on the following state right to know lists: California, New 
Jersey, Florida, Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
XN  
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Risk Phrases: 
R 10 Flammable.  
R 20 Harmful by inhalation.  
 
Safety Phrases: 
S 16 Keep away from sources of ignition - No  
smoking.  
 
WGK (Water Danger/Protection) 
CAS# 71-36-3: 1  
Canada 
CAS# 71-36-3 is listed on Canada's DSL List. CAS# 71-36-3 is listed on Canada's DSL List.  
This product has a WHMIS classification of B2, D2A.  
CAS# 71-36-3 is listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 71-36-3: OEL-AUSTRALIA:TWA 50 ppm (150 mg/m3);Skin OEL-AUSTRIA 
:TWA 100 ppm (300 mg/m3) OEL-BELGIUM:STEL 50 ppm (152 mg/m3);Skin OE 
L-CZECHOSLOVAKIA:TWA 100 mg/m3;STEL 200 mg/m3 OEL-DENMARK:STEL 50 ppm 
(150 mg/m3);Skin OEL-FINLAND:TWA 50 ppm (150 mg/m3);STEL 75 ppm (225  
mg/m3);Skin OEL-FRANCE:STEL 50 ppm (150 mg/m3) OEL-GERMANY:TWA 100  
ppm (300 mg/m3) OEL-HUNGARY:TWA 100 mg/m3;STEL 200 mg/m3;Skin OEL-IN 
DIA:TWA 50 ppm (150 mg/m3);Skin OEL-JAPAN:STEL 50 ppm (150 mg/m3);Ski 
n OEL-THE NETHERLANDS:TWA 50 ppm (150 mg/m3);Skin OEL-THE PHILIPPINE 
S:TWA 100 ppm (300 mg/m3) OEL-RUSSIA:STEL 50 ppm (10 mg/m3) OEL-SWED 
EN:TWA 15 ppm (45 mg/m3);STEL 30 ppm (90 mg/m3);Skin OEL-SWITZERLAND: 
TWA 50 ppm (150 mg/m3);STEL 100 ppm;Skin OEL-TURKEY:TWA 100 ppm (300  
mg/m3) OEL-UNITED KINGDOM:TWA 50 ppm (150 mg/m3);STEL 50 ppm;Skin OE 
L IN BULGARIA, COLOMBIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW ZEA 
LAND, SINGAPORE, VIETNAM check ACGI TLV  
Section 16 - Additional Information 
 
MSDS Creation Date: 6/10/1999  
Revision #5 Date: 7/10/2001  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
Hexane (certified ACS grade) 
ACC# 10951 
Section 1 - Chemical Product and Company Identification 
MSDS Name: Hexane (certified ACS grade)  
Catalog Numbers: AC2924, S80032, BPH292RS-115, BPH292RS-200, BPH292RS-28, 
BPH292RS-50, H202500LC, H291RS115, H291RS200, H291RS28, H291RS50, H2921, 
H29220, H292200, H29220LC, H2924, H292500, H292500LC, H292FB115, H292FB19, 
H292FB200, H292FB50, H292J4, H292RB115, H292RB19, H292RB200, H292RB50, 
H292SK4, H292SS115, H292SS200, H292SS28, H292SS50, S800321, S800322MF  
Synonyms: n-Hexane; Hexyl hydride; Dipropyl; normal-Hexane; Hex.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
0-01-1 Various Methylpentanes 4.2 unlisted 
96-37-7 Methylcyclopentane 9.7 202-503-2 
110-54-3 Hexane 86.1 203-777-6 
 
Hazard Symbols: XN F N  
Risk Phrases: 11 38 48/20 62 51/53 65 67  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: clear colorless. Flash Point: -22 deg C. Aspiration hazard if swallowed. Can 
enter lungs and cause damage. Causes respiratory tract irritation. Causes eye and skin 
irritation. Danger! Extremely flammable liquid and vapor. Vapor may cause flash fire. 
Possible risk of impaired fertility. Breathing vapors may cause drowsiness and dizziness. 
Dangerous for the environment. May cause nervous system effects.  
Target Organs: Central nervous system, respiratory system, eyes, skin, peripheral nervous 
system.  
 
 
Potential Health Effects  
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Eye: Causes mild eye irritation. Causes redness and pain. May cause blurred vision, tearing, 
and conjunctivitis.  
Skin: Prolonged and/or repeated contact may cause defatting of the skin and dermatitis. 
Causes irritation with burning pain, itching, and redness. Absorbed through the skin.  
Ingestion: Aspiration hazard. May cause gastrointestinal irritation with nausea, vomiting 
and diarrhea. Aspiration of material into the lungs may cause chemical pneumonitis, which 
may be fatal. May cause central nervous system effects. Aspiration can cause asphyxia, 
brain damage, and cardiac arrest.  
Inhalation: Causes respiratory tract irritation. Exposure produces central nervous system 
depression. Aspiration may cause respiratory swelling and pneumonitis. Inhalation of high 
concentrations may cause narcotic effects. Vapors may cause dizziness or suffocation. 
Exposure may cause vertigo, hallucinations, fatigue, muscle weakness, visual disturbances, 
nervous system disturbances, coughing, chest pains, difficulty in breathing, lung irritation, 
gastrointestinal disturbances, and edema which may be fatal.  
Chronic: Prolonged or repeated skin contact may cause defatting and dermatitis. Prolonged 
or repeated exposure may cause adverse reproductive effects. May cause fetal effects. 
Chronic exposure may cause visual disturbances. Laboratory experiments have resulted in 
mutagenic effects. Peripheral neuropathy symptoms include: muscular weakness, 
paresthesia, numbing of the hands, feet, legs and arms, unsteadiness, and difficulty in 
walking and standing. Repeated exposure may cause nervous system abnormalities with 
muscle weakness and damage, motor incoordination, and sensation disturbances. Chronic 
exposure produces peripheral neuropathy. 
Section 4 - First Aid Measures 
 
 
Eyes: In case of contact, immediately flush eyes with plenty of water for at least 15 
minutes. Get medical aid.  
Skin: In case of contact, flush skin with plenty of water. Remove contaminated clothing and 
shoes. Get medical aid if irritation develops and persists. Wash clothing before reuse.  
Ingestion: Potential for aspiration if swallowed. Get medical aid immediately. Do not 
induce vomiting unless directed to do so by medical personnel. Never give anything by 
mouth to an unconscious person.  
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Get medical aid.  
Notes to Physician: Treat symptomatically and supportively. For ingestion, the stomach 
sould be intubated, aspirated, and lavaged with a slurry of activated charcoal--protect the 
airway from aspiration of gastric contents. Monitor arterial blood gases in cases of severe 
aspiration. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Vapors 
may form an explosive mixture with air. During a fire, irritating and highly toxic gases may 
be generated by thermal decomposition or combustion. Use water spray to keep fire-
exposed containers cool. Extremely flammable liquid and vapor. Water may be ineffective. 
Material is lighter than water and a fire may be spread by the use of water. May accumulate 
static electrical charges, and may cause ignition of its own vapors. Containers may explode 
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if exposed to fire. Vapors are heavier than air and may travel to a source of ignition and 
flash back. Vapors can spread along the ground and collect in low or confined areas.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or 
alcohol-resistant foam. Water may be ineffective. Water may spread fire. If water is the only 
media available, use in flooding amounts. For large fires, use water spray, fog or alcohol-
resistant foam. Do NOT use straight streams of water. Contact professional fire-fighters 
immediately. Cool containers with flooding quantities of water until well after fire is out. 
Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place 
in suitable container. Avoid runoff into storm sewers and ditches which lead to waterways. 
Clean up spills immediately, observing precautions in the Protective Equipment section. 
Remove all sources of ignition. Provide ventilation. A vapor suppressing foam may be used 
to reduce vapors. Use only non-sparking tools and equipment. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before 
reuse. Ground and bond containers when transferring material. Avoid contact with eyes, 
skin, and clothing. Empty containers retain product residue, (liquid and/or vapor), and can 
be dangerous. Take precautionary measures against static discharges. Avoid contact with 
heat, sparks and flame. Do not pressurize, cut, weld, braze, solder, drill, grind, or expose 
empty containers to heat, sparks or open flames. Use only with adequate ventilation. Avoid 
breathing vapor or mist.  
Storage: Keep away from heat and flame. Keep away from sources of ignition. Store in a 
tightly closed container. Keep from contact with oxidizing materials. Store in a cool, dry, 
well-ventilated area away from incompatible substances. Flammables-area. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. Use adequate general or local explosion-proof 
ventilation to keep airborne levels to acceptable levels.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Various Methylpentanes none listed none listed none listed 
Methylcyclopentane none listed none listed none listed 
Hexane 
50 ppm TWA; skin - 
potential for cutaneous 
absorption 
50 ppm TWA; 180 
mg/m3 TWA 1100 ppm 
IDLH (10 percent lower 
explosive limit) 
500 ppm TWA; 1800 
mg/m3 TWA 
 
OSHA Vacated PELs: Various Methylpentanes: No OSHA Vacated PELs are listed for this 
chemical. Methylcyclopentane: No OSHA Vacated PELs are listed for this chemical. Hexane: 
235 
 
50 ppm TWA; 180 mg/m3 TWA  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant a respirator's use. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Liquid  
Appearance: clear colorless  
Odor: gasoline-like  
pH: Not available.  
Vapor Pressure: 151 mm Hg @ 25 deg C  
Vapor Density: 2.97(Air = 1)  
Evaporation Rate:Not available.  
Viscosity: 0.31 mPas 20 C  
Boiling Point: 69 deg C @ 760 mmHg  
Freezing/Melting Point:-95 deg C  
Autoignition Temperature: 225 deg C ( 437.00 deg F)  
Flash Point: -22 deg C ( -7.60 deg F)  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 1; Flammability: 3; Reactivity: 0  
Explosion Limits, Lower:1.1 vol %  
Upper: 7.5 vol %  
Solubility: Insoluble.  
Specific Gravity/Density:0.6600  
Molecular Formula:C6H14  
Molecular Weight:86.18 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Ignition sources, excess heat, electrical sparks.  
Incompatibilities with Other Materials: Strong oxidizing agents, dinitrogen tetraoxide.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and 
gases, carbon dioxide.  
Hazardous Polymerization: Will not occur. 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 0-01-1 unlisted.  
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CAS# 96-37-7: GY4640000  
CAS# 110-54-3: MN9275000  
LD50/LC50: 
Not available. 
Not available. 
 
CAS# 110-54-3: 
Draize test, rabbit, eye: 10 mg Mild; 
Inhalation, rat: LC50 = 48000 ppm/4H; 
Oral, rat: LD50 = 25 gm/kg;<br. 
  
Carcinogenicity: 
CAS# 0-01-1: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. CAS# 96-37-7: Not listed 
by ACGIH, IARC, NIOSH, NTP, or OSHA. CAS# 110-54-3: Not listed by ACGIH, IARC, 
NIOSH, NTP, or OSHA.  
Epidemiology: No data available.  
Teratogenicity: Effects on Newborn - behavioral: Inhaltion, rat: TCLo = 10000 ppm/7H 
(female 15 days pre-mating and female 1-18 days after conception).; Effects on Embryo or 
Fetus - fetotoxicity: Inhalation, rat: TCLo = 5000 ppm/20 H (female 6-19 days after 
conception).  
Reproductive Effects: No data available.  
Neurotoxicity: No data available.  
Mutagenicity: Sex Chromosome Loss and Nondisjunction: Saccharomyces cerevisiae = 132 
mmol/L.; Cytogenetic Anaylsis: Hamster fibroblast = 500 mg/L.  
Other Studies: No data available.</br. 
Section 12 - Ecological Information 
 
 
Ecotoxicity: No data available. Estimated BCF values = 2.24 and 2.89. These values 
suggest that hexane will show low bioconcentration in aquatic organisms. Estimated Koc 
value = 4.11. This product will show slight soil mobility and is expected to rapidly volatilize 
from moist surface soils.  
Environmental: Terrestrial: Volatilization and adsorption are expected to be the most 
important fate processes. Aquatic: Photolysis or hydrolysis are not expected to be 
important. Atmospheric: Expected to exist entirely in the vapor phase in ambient air, 
expected half life 2.8 days. Expected to biodegrade but not bioconcentrate.  
Physical: No information available.  
Other: No information available. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
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  US DOT IATA RID/ADR IMO 
Canada 
TDG 
Shipping Name: HEXANES    HEXANES 
Hazard Class: 3    3 
UN Number: UN1208    UN1208 
Packing Group: II    II 
Additional Info:     
FLASHPOINT 
-22C 
 
Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
CAS# 0-01-1 is not listed on the TSCA inventory. It is for research and development use 
only.  
CAS# 96-37-7 is listed on the TSCA inventory.  
CAS# 110-54-3 is listed on the TSCA inventory.  
Health & Safety Reporting List 
CAS# 96-37-7: Effective Date: June 20, 1985; Sunset Date: November 9, 1993  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
CAS# 96-37-7: 4/12b CAS# 110-54-3: 4/12B/12b  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 110-54-3: final RQ = 5000 pounds (2270 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 96-37-7: flammable. CAS # 110-54-3: acute, chronic, flammable.  
Section 313 
This material contains Hexane (CAS# 110-54-3, 86 1%),which is subject to the reporting 
requirements of Section 313 of SARA Title III and 40 CFR Part 373.  
Clean Air Act: 
CAS# 110-54-3 is listed as a hazardous air pollutant (HAP). This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. 
None of the chemicals in this product are listed as Priority Pollutants under the CWA. None 
of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 0-01-1 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
CAS# 96-37-7 can be found on the following state right to know lists: New Jersey, Florida, 
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Pennsylvania, Massachusetts.  
CAS# 110-54-3 can be found on the following state right to know lists: New Jersey, Florida, 
Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
XN F N  
Risk Phrases: 
R 11 Highly flammable.  
R 38 Irritating to skin.  
R 48/20 Harmful : danger of serious damage to health  
by prolonged exposure through inhalation.  
R 62 Possible risk of impaired fertility.  
R 51/53 Toxic to aquatic organisms; may cause  
long-term adverse effects in the aquatic environment.  
R 65 Harmful: may cause lung damage if swallowed.  
R 67 Vapors may cause drowsiness and dizziness.  
 
Safety Phrases: 
S 16 Keep away from sources of ignition - No  
smoking.  
S 29 Do not empty into drains.  
S 33 Take precautionary measures against static  
discharges.  
S 36/37 Wear suitable protective clothing and  
gloves.  
S 9 Keep container in a well-ventilated place.  
S 61 Avoid release to the environment. Refer to  
special instructions/Safety data sheets.  
S 62 If swallowed, do not induce vomiting: seek  
medical advice immediately and show this container or  
label.  
 
WGK (Water Danger/Protection) 
CAS# 0-01-1: No information available.  
CAS# 96-37-7: 1  
CAS# 110-54-3: 1  
Canada 
Canada 
CAS# 96-37-7 is listed on Canada's DSL List. CAS# 96-37-7 is listed on Canada's DSL List. 
CAS# 110-54-3 is listed on Canada's DSL List. CAS# 110-54-3 is listed on Canada's DSL 
List.  
 
 
This product has a WHMIS classification of B2, D2A.  
CAS# 0-01-1 is not listed on Canada's Ingredient Disclosure List.  
CAS# 96-37-7 is not listed on Canada's Ingredient Disclosure List.  
CAS# 110-54-3 is listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 110-54-3: OEL-AUSTRALIA:TWA 50 ppm (180 mg/m3) OEL-BELGIUM:TWA 
50 ppm (176 mg/m3) OEL-DENMARK:TWA 50 ppm (180 mg/m3) OEL-FINLAND:T  
WA 50 ppm (180 mg/m3);STEL 150 ppm (530 mg/m3) OEL-FRANCE:TWA 50 ppm  
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(170 mg/m3) OEL-GERMANY:TWA 50 ppm (180 mg/m3) OEL-HUNGARY:TWA 100 m 
g/m3;STEL 200 mg/m3;Skin OEL-JAPAN:TWA 40 ppm (140 mg/m3);Skin OEL-T 
HE NETHERLANDS:TWA 100 ppm (360 mg/m3) OEL-THE PHILIPPINES:TWA 500 pp 
m (1800 mg/m3) JAN9 OEL-POLAND:TWA 400 mg/m3 OEL-RUSSIA:TWA 40 ppm;S 
TEL 300 mg/m3 OEL-SWEDEN:TWA 25 ppm (90 mg/m3);STEL 50 ppm (180 mg/m3 
) OEL-SWITZERLAND:TWA 50 ppm (180 mg/m3);STEL 100 ppm (360 mg/m3) OE 
L-TURKEY:TWA 500 ppm (1800 mg/m3) OEL-UNITED KINGDOM:TWA 100 ppm (360 
mg/m3);STEL 125 ppm OEL IN BULGARIA, COLOMBIA, JORDAN, KOREA check A  
CGIH TLV OEL IN NEW ZEALAND, SINGAPORE, VIETNAM check ACGI TLV  
Section 16 - Additional Information 
 
MSDS Creation Date: 6/03/1999  
Revision #5 Date: 11/13/2001  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
Formic Acid 
ACC# 45433 
Section 1 - Chemical Product and Company Identification 
MSDS Name: Formic Acid  
Catalog Numbers: AC423750030, S80019, A118P 100, A118P 4, A118P 500, A118P-100, 
A118P-4, A118P-500, A118P100, A118P4, A118P500, A118PJ500, A119P 1, A119P 4, 
A119P-1, A119P-4, A119P-500, A119P1, A119P4, A119P500, A19P-20, BP1215 500, 
BP1215-500, BP1215500  
Synonyms: Methanoic Acid; Hydrogen Carboxylic Acid; Aminic Acid.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
64-18-6 Formic Acid 85-98 200-579-1 
7732-18-5 Water 2-15 231-791-2 
 
Hazard Symbols: C  
Risk Phrases: 34  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: clear, colorless. Flash Point: 69 deg C. Corrosive. Danger! May be harmful if 
swallowed. Causes eye and skin burns. May cause liver and kidney damage. Combustible 
liquid and vapor. May cause severe respiratory tract irritation with possible burns. May 
cause severe digestive tract irritation with possible burns. Possible sensitizer. May cause 
central nervous system depression. Lachrymator (substance which increases the flow of 
tears).  
Target Organs: Kidneys, central nervous system, liver, respiratory system, eyes, skin.  
 
 
Potential Health Effects  
Eye: Contact with liquid is corrosive to the eyes and causes severe burns. Lachrymator 
(substance which increases the flow of tears). May cause corneal edema, ulceration, and 
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scarring.  
Skin: May cause skin sensitization, an allergic reaction, which becomes evident upon re-
exposure to this material. Contact with liquid is corrosive and causes severe burns and 
ulceration. Absorbed through the skin. May cause erythema (redness) and blistering.  
Ingestion: Causes severe digestive tract burns with abdominal pain, vomiting, and possible 
death. May be harmful if swallowed. May cause central nervous system depression. 
Ingestion may produce corrosive ulceration and bleeding and necrosis of the gastrointestinal 
tract accompanied by shock and circulatory collapse.  
Inhalation: May cause asthmatic attacks due to allergic sensitization of the respiratory 
tract. Causes chemical burns to the respiratory tract. Aspiration may lead to pulmonary 
edema. Vapors may cause dizziness, nausea, itching, burning, and swelling of the eyes.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. May cause liver and 
kidney damage. Effects may be delayed. Laboratory experiments have resulted in 
mutagenic effects. 
Section 4 - First Aid Measures 
 
 
Eyes: Get medical aid immediately. Do NOT allow victim to rub or keep eyes closed. 
Extensive irrigation with water is required (at least 30 minutes).  
Skin: Get medical aid immediately. Immediately flush skin with plenty of soap and water for 
at least 15 minutes while removing contaminated clothing and shoes. Wash clothing before 
reuse. Destroy contaminated shoes.  
Ingestion: Do NOT induce vomiting. If victim is conscious and alert, give 2-4 cupfuls of 
milk or water. Never give anything by mouth to an unconscious person. Get medical aid 
immediately.  
Inhalation: Get medical aid immediately. Remove from exposure to fresh air immediately. 
If breathing is difficult, give oxygen. Do NOT use mouth-to-mouth resuscitation. If breathing 
has ceased apply artificial respiration using oxygen and a suitable mechanical device such 
as a bag and a mask.  
Notes to Physician: Hemodialysis should be considered in severe intoxication. Persons 
with chronic respiratory, skin, kidney, or liver diseases or eye disorders may be at increased 
risk from exposure to this product.  
Antidote: Folic acid may be of benefit by hastening the metabolism of formic acid to carbon 
dioxide. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. During a 
fire, irritating and highly toxic gases may be generated by thermal decomposition or 
combustion. Use water spray to keep fire-exposed containers cool. Containers may explode 
in the heat of a fire. Vapors may be heavier than air. They can spread along the ground and 
collect in low or confined areas. May polymerize explosively when involved in a fire. Contact 
with metals may evolve flammable hydrogen gas.  
Extinguishing Media: Do NOT get water inside containers. For small fires, use dry 
chemical, carbon dioxide, or water spray. For large fires, use dry chemical, carbon dioxide, 
alcohol-resistant foam, or water spray. Cool containers with flooding quantities of water 
until well after fire is out. 
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Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Large spills may be neutralized with dilute alkaline solutions of soda ash, or 
lime. Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills 
immediately, observing precautions in the Protective Equipment section. Remove all sources 
of ignition. Absorb spill using an absorbent, non-combustible material such as earth, sand, 
or vermiculite. Do not use combustible materials such as saw dust. Use a spark-proof tool. 
Provide ventilation. Do not get water inside containers. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before 
reuse. Use only in a well-ventilated area. Contents may develop pressure upon prolonged 
storage. Empty containers retain product residue, (liquid and/or vapor), and can be 
dangerous. Keep container tightly closed. Do not get on skin or in eyes. Do not ingest or 
inhale. Discard contaminated shoes. Do not pressurize, cut, weld, braze, solder, drill, grind, 
or expose empty containers to heat, sparks or open flames.  
Storage: Store in a tightly closed container. Keep from contact with oxidizing materials. 
Store in a cool, dry, well-ventilated area away from incompatible substances. Corrosives 
area. Do not store in metal containers. Do not store near alkaline substances. Vent 
periodically. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Use explosion-proof ventilation equipment. Facilities storing or 
utilizing this material should be equipped with an eyewash facility and a safety shower. Use 
adequate general or local exhaust ventilation to keep airborne concentrations below the 
permissible exposure limits.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Formic Acid 5 ppm TWA; 10 ppm STEL 
5 ppm TWA; 9 mg/m3 
TWA 30 ppm IDLH 
5 ppm TWA; 9 mg/m3 
TWA 
Water none listed none listed none listed 
 
OSHA Vacated PELs: Formic Acid: 5 ppm TWA; 9 mg/m3 TWA Water: No OSHA Vacated 
PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by 
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard 
EN166.  
Skin: Wear neoprene gloves, apron, and/or clothing. Wear butyl rubber gloves, apron, 
and/or clothing.  
Clothing: Wear neoprene gloves, apron, and/or clothing. Wear butyl rubber gloves, apron, 
and/or clothing.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and 
250 
 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant a respirator's use. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Liquid  
Appearance: clear, colorless  
Odor: pungent odor - benzaldehyde-like  
pH: Strong acid  
Vapor Pressure: 44.8 mm Hg @ 20 deg C  
Vapor Density: 1.59  
Evaporation Rate:2.1  
Viscosity: 1.607mPa @ 25 deg C  
Boiling Point: 100.8 deg C  
Freezing/Melting Point:8 deg C  
Autoignition Temperature: 434 deg C ( 813.20 deg F)  
Flash Point: 69 deg C ( 156.20 deg F)  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 3; Flammability: 2; Reactivity: 0  
Explosion Limits, Lower:18.0 vol %  
Upper: 57.0 vol %  
Solubility: Miscible.  
Specific Gravity/Density:1.2267  
Molecular Formula:HCOOH  
Molecular Weight:46.0128 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, metals, excess heat, combustible materials, 
oxidizers, plastics.  
Incompatibilities with Other Materials: Strong oxidizing agents, strong bases, finely 
powdered metals, permanganates, sulfuric acid, hydrogen peroxides, nitromethane, furfuryl 
alcohol, hydrated thallium nitrate.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and 
gases, carbon dioxide.  
Hazardous Polymerization: Has not been reported 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 64-18-6: LQ4900000  
CAS# 7732-18-5: ZC0110000  
LD50/LC50: 
CAS# 64-18-6: 
Draize test, rabbit, eye: 122 mg Severe; 
Inhalation, mouse: LC50 = 6200 mg/m3/15M; 
Inhalation, rat: LC50 = 15 gm/m3/15M; 
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Oral, mouse: LD50 = 700 mg/kg; 
Oral, rat: LD50 = 1100 mg/kg;<br. 
  
CAS# 7732-18-5: 
Oral, rat: LD50 = >90 mL/kg;<br. 
  
Carcinogenicity: 
CAS# 64-18-6: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. CAS# 7732-18-5: Not 
listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No information available.  
Teratogenicity: No information available.  
Reproductive Effects: No information available.  
Neurotoxicity: No information available.  
Mutagenicity: Sister Chromatid Exchange: Human, Lymphocyte = 10 mmol/L.; 
Cytogenetic Analysis: Non-mammalian species Cells - not otherwise specified = 100 
mmol/L.; Cytogenetic Analysis: Hammster, Ovary = 10 mmol/L.  
Other Studies: No data available.</br. 
</br. 
Section 12 - Ecological Information 
 
 
Ecotoxicity: Fish: Bluegill/Sunfish: LC50 = 5000 mg/L; 24 Hr; Unspecified flea Daphnia: 
EC50 = 34 mg/L; 48 Hr; Unspecified In natural water it has been shown to adsorb to 
sediment and would probably also biodegrade. Bioconcentration in aquatic organisms is not 
important. In the atmosphere, formic acid would be scavenged by rain and dissolve in cloud 
water where it reacts with dissolved hydroxyl radicals. It also reacts in the vapor phase with 
hydroxyl radicals (half-life 36 days).  
Environmental: Formic acid is the strongest unsubstituted carboxylic acid with a pKa of 
3.74(3) and will exist almost entirely as the anion at environmental pHs. If released on 
land, formic acid should leach into some soils where it would probably biodegrade.  
Physical: Formic acid can be degraded chemically to innocuous substances in most 
environments.  
Other: No information available. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: CAS# 64-18-6: waste number U123; (Corrosive waste, Toxic waste). 
Section 14 - Transport Information 
 
 US DOT IATA RID/ADR IMO 
Canada 
TDG 
Shipping Name: FORMIC ACID    
FORMIC 
ACID 
Hazard Class: 8    8(9.2) 
252 
 
UN Number: UN1779    UN1779 
Packing Group: II    II 
 
Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
CAS# 64-18-6 is listed on the TSCA inventory.  
CAS# 7732-18-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 64-18-6: final RQ = 5000 pounds (2270 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 64-18-6: acute, flammable.  
Section 313 
This material contains Formic Acid (CAS# 64-18-6, 85 98%),which is subject to the 
reporting requirements of Section 313 of SARA Title III and 40 CFR Part 373.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 64-18-6 is listed as a Hazardous Substance under the CWA. None of the chemicals in 
this product are listed as Priority Pollutants under the CWA. None of the chemicals in this 
product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 64-18-6 can be found on the following state right to know lists: California, New 
Jersey, Florida, Pennsylvania, Minnesota, Massachusetts.  
CAS# 7732-18-5 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
C  
Risk Phrases: 
R 34 Causes burns.  
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Safety Phrases: 
S 26 In case of contact with eyes, rinse immediately  
with plenty of water and seek medical advice.  
S 45 In case of accident or if you feel unwell, seek  
medical advice immediately (show the label where  
possible).  
S 23C Do not breathe vapour.  
 
WGK (Water Danger/Protection) 
CAS# 64-18-6: 1  
CAS# 7732-18-5: No information available.  
Canada 
CAS# 64-18-6 is listed on Canada's DSL List. CAS# 64-18-6 is listed on Canada's DSL List. 
CAS# 7732-18-5 is listed on Canada's DSL List. CAS# 7732-18-5 is listed on Canada's DSL 
List.  
 
This product has a WHMIS classification of B3, E.  
CAS# 64-18-6 is listed on Canada's Ingredient Disclosure List.  
CAS# 7732-18-5 is not listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 64-18-6: OEL-ARAB Republic of Egypt:TWA 5 ppm (9 mg/m3) OEL-AU 
STRALIA:TWA 5 ppm (9 mg/m3) OEL-AUSTRIA:TWA 5 ppm (9 mg/m3) OEL-BELG 
IUM:TWA 5 ppm (9.4 mg/m3) OEL-DENMARK:TWA 5 ppm (9 mg/m3) OEL-FINLAN 
D:TWA 5 ppm (9 mg/m3);STEL 10 ppm (18 mg/m3);Skin OEL-FRANCE:STEL 5 p 
pm (9 mg/m3) OEL-GERMANY:TWA 5 ppm (9 mg/m3) OEL-HUNGARY:TWA 5 mg/m3 
;STEL 8 mg/m3 OEL-JAPAN:TWA 5 ppm (9.4 mg/m3) OEL-THE NETHERLANDS:TW 
A 5 ppm (9 mg/m3) OEL-THE PHILIPPINES:TWA 5 ppm (9 mg/m3) OEL-RUSSIA 
:TWA 5 ppm;STEL 1 mg/m3;Skin OEL-SWITZERLAND:TWA 5 ppm (9 mg/m3);STEL 
10 ppm (18 mg/m3) OEL-UNITED KINGDOM:TWA 5 ppm (9 mg/m3) OEL IN BUL  
GARIA, COLOMBIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW ZEALAND, SI 
NGAPORE, VIETNAM check ACGI TLV  
Section 16 - Additional Information 
 
MSDS Creation Date: 7/23/1999  
Revision #5 Date: 5/14/2001  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
Hydrochloric Acid 0.01 to 3.0N 
ACC# 40067 
Section 1 - Chemical Product and Company Identification 
MSDS Name: Hydrochloric Acid 0.01 to 3.0N  
Catalog Numbers: S70041-2, S71944, S74855, S74856, S80036, S80039, A48520, 
A4854, EMHX0607-1, GILHYDCHLOR, LC153305, MCC--030293, MCC--030294, NC9619313, 
NC9655533, NC9668809, NC9748699, NC9751086, NC9751601, S70041-3, S718255, 
S74856MF, S80037, SA431-500, SA48-1, SA48-20, SA48-4, SA48-500, SA50-1, SA50-20, 
SA50-20LC, SA50-4, SA52-20, SA52-500, SA54-1, SA54-10, SA54-20, SA54-4, SA55, 
SA60-1, SA62-1, SA814, SA81410, SA81420, SA8144, XX41704L, XX4200LI, 
XXSLN4426200LI, XXSLNALL0200LI  
Synonyms: Chlorohydric acid; Hydrogen chloride; Muriatic acid; Spirits of salt; 
Hydrochloride.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
7647-01-0 Hydrochloric acid .03-10.8 231-595-7 
7732-18-5 Water 89.2-99. 231-791-2 
 
Hazard Symbols: C  
Risk Phrases: 34 20  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: colorless to slight yellow. Danger! Corrosive. Causes eye and skin burns. 
May cause severe respiratory tract irritation with possible burns. May cause severe digestive 
tract irritation with possible burns.  
Target Organs: Respiratory system, eyes, skin, circulatory system, mucous membranes.  
 
 
Potential Health Effects  
Eye: May cause irreversible eye injury. Vapor or mist may cause irritation and severe burns. 
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Contact with liquid is corrosive to the eyes and causes severe burns. May cause painful 
sensitization to light.  
Skin: Contact with liquid is corrosive and causes severe burns and ulceration.  
Ingestion: May cause circulatory system failure. Causes severe digestive tract burns with 
abdominal pain, vomiting, and possible death. May cause corrosion and permanent tissue 
destruction of the esophagus and digestive tract.  
Inhalation: May cause severe irritation of the respiratory tract with sore throat, coughing, 
shortness of breath and delayed lung edema. Causes chemical burns to the respiratory 
tract. Exposure to the mist and vapor may erode exposed teeth. Causes corrosive action on 
the mucous membranes.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. Repeated exposure may 
cause erosion of teeth. May cause fetal effects. Laboratory experiments have resulted in 
mutagenic effects. Prolonged exposure may cause conjunctivitis, photosensitization, and 
possible blindness. 
Section 4 - First Aid Measures 
 
 
Eyes: Get medical aid immediately. Do NOT allow victim to rub or keep eyes closed. 
Extensive irrigation with water is required (at least 30 minutes). SPEEDY ACTION IS 
CRITICAL!  
Skin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes 
while removing contaminated clothing and shoes. Get medical aid immediately. Wash 
clothing before reuse.  
Ingestion: If swallowed, do NOT induce vomiting. Get medical aid immediately. If victim is 
fully conscious, give a cupful of water. Never give anything by mouth to an unconscious 
person.  
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Get medical aid.  
Notes to Physician: Do NOT use sodium bicarbonate in an attempt to neutralize the acid.  
Antidote: Do NOT use oils or ointments in eye. 
Section 5 - Fire Fighting Measures 
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in 
pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. Water 
runoff can cause environmental damage. Dike and collect water used to fight fire. Not 
flammable, but reacts with most metals to form flammable hydrogen gas. Use water spray 
to keep fire-exposed containers cool. Vapors may be heavier than air. They can spread 
along the ground and collect in low or confined areas. Reaction with water may generate 
much heat which will increase the concentration of fumes in the air. Containers may explode 
when heated. Approach fire from upwind to avoid hazardous vapors and toxic decomposition 
products.  
Extinguishing Media: For large fires, use water spray, fog, or alcohol-resistant foam. 
Substance is nonflammable; use agent most appropriate to extinguish surrounding fire. Do 
NOT get water inside containers. Do NOT use straight streams of water. Most foams will 
react with the material and release corrosive/toxic gases. Cool containers with flooding 
quantities of water until well after fire is out. For small fires, use carbon dioxide (except for 
cyanides), dry chemical, dry sand, and alcohol-resistant foam. 
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Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Large spills may be neutralized with dilute alkaline solutions of soda ash, or 
lime. Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills 
immediately, observing precautions in the Protective Equipment section. Remove all sources 
of ignition. Provide ventilation. Do not get water inside containers. A vapor suppressing 
foam may be used to reduce vapors. Cover with dry earth, dry sand, or other non-
combustible material followed with plastic sheet to minimize spreading and contact with 
water. 
Section 7 - Handling and Storage 
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before 
reuse. Use only in a well-ventilated area. Contents may develop pressure upon prolonged 
storage. Do not breathe dust, vapor, mist, or gas. Do not get in eyes, on skin, or on 
clothing. Keep container tightly closed. Do not ingest or inhale. Discard contaminated shoes. 
Use caution when opening. Keep from contact with moist air and steam.  
Storage: Do not store in direct sunlight. Keep container closed when not in use. Store in a 
tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. Corrosives area. Do not store in metal containers. Do not store near flammable 
or oxidizing substances (especially nitric acid or chlorates). Store away from alkalies. 
Section 8 - Exposure Controls, Personal Protection 
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. Use adequate general or local exhaust ventilation 
to keep airborne concentrations below the permissible exposure limits.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Hydrochloric acid C 5 ppm 50 ppm IDLH C 5 ppm; C 7 mg/m3 
Water none listed none listed none listed 
 
OSHA Vacated PELs: Hydrochloric acid: C 5 ppm; C 7 mg/m3 Water: No OSHA Vacated 
PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear chemical goggles.  
Skin: Wear neoprene or polyvinyl chloride gloves to prevent exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and 
ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever 
workplace conditions warrant a respirator's use. 
Section 9 - Physical and Chemical Properties 
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Physical State: Clear liquid  
Appearance: colorless to slight yellow  
Odor: strong, pungent  
pH: 0.10 (1.0N soln)  
Vapor Pressure: 160 mm Hg @ 20 deg C  
Vapor Density: 1.26 (air=1)  
Evaporation Rate:>1(N-butyl acetate = 1)  
Viscosity: Not available.  
Boiling Point: 81.5-110 deg C @ 760 mmHg  
Freezing/Melting Point:-17 deg C  
Autoignition Temperature: Not applicable.  
Flash Point: Not applicable.  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 3; Flammability: 0; Reactivity: 1  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
Solubility: Soluble.  
Specific Gravity/Density:1.16 (water=1)  
Molecular Formula:HCl  
Molecular Weight:36.46 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Mechanical shock, metals, excess heat.  
Incompatibilities with Other Materials: Bases, acetic anhydride, alkali metals, 
aluminum, amines, copper, copper alloys, fluorine, iron, sodium hydroxide, steel, sulfuric 
acid, vinyl acetate, zinc, potassium permanganate, cesium acetylene carbide, rubidium 
acetylene carbide, rubidium carbide, sodium, chlorosulfonic acid, oleum, carbonates, 
perchloric acid, calcium phosphide, metal oxides, acetates, cesium carbide, beta-
propiolactone, ethyleneimine, propylene oxide, lithium silicides, alcohols + hydrogen 
cyanide, 2-aminoethanol, ammonium hydroxide, calcium carbide, 1,1-difluoroethylene, 
ethylene diamine, magnesium boride, mercuric sulfate, silver perchlorate + carbon 
tetrachloride, uranium phosphide.  
Hazardous Decomposition Products: Hydrogen chloride, chlorine, carbon monoxide, 
carbon dioxide, hydrogen gas.  
Hazardous Polymerization: Will not occur. 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 7647-01-0: MW4025000  
CAS# 7732-18-5: ZC0110000  
LD50/LC50: 
CAS# 7647-01-0: 
Inhalation, mouse: LC50 = 1108 ppm/1H; 
Inhalation, rat: LC50 = 3124 ppm/1H; 
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Oral, rabbit: LD50 = 900 mg/kg;<br. 
  
CAS# 7732-18-5: 
Oral, rat: LD50 = >90 mL/kg;<br. 
  
Carcinogenicity: 
CAS# 7647-01-0:  
IARC: Group 3 carcinogen CAS# 7732-18-5: Not listed by ACGIH, IARC, NIOSH, NTP, or 
OSHA.  
Epidemiology: Experimental reproductive effects have been reported.  
Teratogenicity: Embryo or Fetus: Stunted fetus, Inhalation, rat TCL0=450 mg/m3/1H 
Specific Developmental Abnormalities: homeostatis, ihl-rat TCL0=450 mg/m3/1H (female 1 
days pre-mating).  
Reproductive Effects: No information available.  
Neurotoxicity: No information available.  
Mutagenicity: Cytogenetic analysis: Hamster, lung = 30 mmol/L.; Cytogenetic analysis: 
Hamster, ovary = 8 mmol/L.  
Other Studies: No data available.</br. 
</br. 
Section 12 - Ecological Information 
 
 
Ecotoxicity: Fish: Bluegill/Sunfish: 3.6 mg/L; 48 Hr; Lethal (unspecified) Bluegill/Sunfish: 
LD50; 96 Hr; pH 3.0-3.5 No data available.  
Environmental: Rapidly hydrolyzes when exposed to water. Will exhibit extensive 
evaporation from soil surfaces. Upon transport through the soil, hydrochloric acid will 
dissolve some of the soil materials (especially those with carbonate bases) and the acid will 
neutralize to some degree.  
Physical: Log P(oct) = .25 (calculated)  
Other: No information available. 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
 
 US DOT IATA RID/ADR IMO Canada TDG 
Shipping 
Name: 
HYDROCHLORIC 
ACID    
HYDROCHLORIC 
ACID 
SOLUTION 
Hazard Class: 8    8(9.2) 
UN Number: UN1789    UN1789 
Packing Group: II    II 
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 Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
CAS# 7647-01-0 is listed on the TSCA inventory.  
CAS# 7732-18-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 7647-01-0: final RQ = 5000 pounds (2270 kg)  
Section 302 (TPQ) 
CAS# 7647-01-0: TPQ = 500 pounds; RQ = 5000 pounds (does not meet toxi city criteria 
but because of high production volume and recognized tox icity is considered a chemical of 
concern)  
SARA Codes 
CAS # 7647-01-0: acute.  
Section 313 
This chemical is not at a high enough concentration to be reportable under Section 313. No 
chemicals are reportable under Section 313.  
Clean Air Act: 
CAS# 7647-01-0 is listed as a hazardous air pollutant (HAP). This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 7647-01-0 is listed as a Hazardous Substance under the CWA. None of the chemicals 
in this product are listed as Priority Pollutants under the CWA. None of the chemicals in this 
product are listed as Toxic Pollutants under the CWA.  
OSHA: 
CAS# 7647-01-0 is considered highly hazardous by OSHA.  
STATE 
CAS# 7647-01-0 can be found on the following state right to know lists: California, New 
Jersey, Florida, Pennsylvania, Minnesota, Massachusetts.  
CAS# 7732-18-5 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
C  
Risk Phrases: 
R 34 Causes burns.  
R 20 Harmful by inhalation.  
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Safety Phrases: 
S 26 In case of contact with eyes, rinse immediately  
with plenty of water and seek medical advice.  
S 45 In case of accident or if you feel unwell, seek  
medical advice immediately (show the label where  
possible).  
 
WGK (Water Danger/Protection) 
CAS# 7647-01-0: 1  
CAS# 7732-18-5: No information available.  
Canada 
CAS# 7647-01-0 is listed on Canada's DSL List. CAS# 7647-01-0 is listed on Canada's DSL 
List. CAS# 7732-18-5 is listed on Canada's DSL List. CAS# 7732-18-5 is listed on Canada's 
DSL List.  
 
This product has a WHMIS classification of E, D2A.  
CAS# 7647-01-0 is listed on Canada's Ingredient Disclosure List.  
CAS# 7732-18-5 is not listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 7647-01-0: OEL-AUSTRALIA:TWA 5 ppm (7 mg/m3) OEL-AUSTRIA:TWA 5 
ppm (7 mg/m3) OEL-BELGIUM:STEL 5 ppm (7.7 mg/m3) OEL-DENMARK:STEL 5  
ppm (7 mg/m3) OEL-FINLAND:STEL 5 ppm (7 mg/m3);Skin OEL-FRANCE:STEL  
5 ppm (7.5 mg/m3) OEL-GERMANY:TWA 5 ppm (7 mg/m3) OEL-HUNGARY:STEL  
5 mg/m3 OEL-JAPAN:STEL 5 ppm (7.5 mg/m3) OEL-THE NETHERLANDS:TWA 5 p 
pm (7 mg/m3) OEL-THE PHILIPPINES:TWA 5 ppm (7 mg/m3) OEL-POLAND:TWA  
5 mg/m3 OEL-RUSSIA:STEL 5 ppm (5 mg/m3) OEL-SWEDEN:STEL 5 ppm (8 mg/ 
m3) OEL-SWITZERLAND:TWA 5 ppm (7.5 mg/m3);STEL 10 ppm (15 mg/m3) OEL 
-THAILAND:TWA 5 ppm (7 mg/m3) OEL-TURKEY:TWA 5 ppm (7 mg/m3) OEL-UNI 
TED KINGDOM:TWA 5 ppm (7 mg/m3);STEL 5 ppm (7 mg/m3) OEL IN BULGARIA, 
COLOMBIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW ZEALAND, SINGAPOR  
E, VIETNAM check ACGI TLV  
Section 16 - Additional Information 
 
MSDS Creation Date: 4/14/1999  
Revision #3 Date: 8/02/2000  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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Material Safety Data Sheet 
Sodium Chloride 
ACC# 21105 
Section 1 - Chemical Product and Company Identification 
MSDS Name: Sodium Chloride  
Catalog Numbers: S71988, S71989, S78446, S78449, BP358-1, BP358-10, BP358-212, 
BW13550350, NC9468610, NC9607345, NC9648474, NC9821620, NC9826699, NC9838620, 
NC9869539, S271-1, S271-10, S271-10LC, S271-3, S271-350LB, S271-50, S271-500, 
S271-50LC, S640-10, S640-10LC, S640-3, S640-350LB, S640-50, S640-500, S641-212, 
S641-350LB, S641-500, S641P350LB, S642-12, S642-212, S642-350LB, S642-500, S671-
10, S671-10LC, S671-3, S671-500, S719891, S75209, S784491, WESS2713, 
XXS271PD250LB  
Synonyms: Common salt; Halite; Rock salt; Saline; Salt; Sea salt; Table salt.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887 
Section 2 - Composition, Information on Ingredients 
 
CAS# Chemical Name Percent EINECS/ELINCS 
7647-14-5 Sodium chloride ca.100 231-598-3 
 
Hazard Symbols: None listed.  
Risk Phrases: None listed.  
Section 3 - Hazards Identification 
 
EMERGENCY OVERVIEW 
Appearance: colorless or white. Caution! May cause eye and skin irritation. May cause 
respiratory tract irritation.  
Target Organs: No data found.  
 
 
Potential Health Effects  
Eye: May cause eye irritation.  
Skin: May cause skin irritation.  
Ingestion: Ingestion of large amounts may cause gastrointestinal irritation. Ingestion of 
large amounts may cause nausea and vomiting, rigidity or convulsions. Continued exposure 
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can produce coma, dehydration, and internal organ congestion.  
Inhalation: May cause respiratory tract irritation.  
Chronic: No information found. 
Section 4 - First Aid Measures 
 
 
Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper 
and lower eyelids. Get medical aid.  
Skin: Flush skin with plenty of soap and water for at least 15 minutes while removing 
contaminated clothing and shoes. Get medical aid if irritation develops or persists. Wash 
clothing before reuse.  
Ingestion: If victim is conscious and alert, give 2-4 cupfuls of milk or water. Get medical 
aid. Wash mouth out with water.  
Inhalation: Remove from exposure to fresh air immediately. If not breathing, give artificial 
respiration. If breathing is difficult, give oxygen. Get medical aid if cough or other 
symptoms appear.  
Notes to Physician: None 
Section 5 - Fire Fighting Measures 
 
 
General Information: Water runoff can cause environmental damage. Dike and collect 
water used to fight fire. Wear appropriate protective clothing to prevent contact with skin 
and eyes. Wear a self-contained breathing apparatus (SCBA) to prevent contact with 
thermal decomposition products. Substance is noncombustible.  
Extinguishing Media: For small fires, use water spray, dry chemical, carbon dioxide or 
chemical foam. 
Section 6 - Accidental Release Measures 
 
 
General Information: Use proper personal protective equipment as indicated in Section 
8.  
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. 
Clean up spills immediately, observing precautions in the Protective Equipment section. 
Avoid generating dusty conditions. Provide ventilation. 
Section 7 - Handling and Storage 
 
 
Handling: Use with adequate ventilation. Minimize dust generation and accumulation. 
Avoid contact with eyes, skin, and clothing. Keep container tightly closed. Do not ingest or 
inhale.  
Storage: Store in a cool, dry, well-ventilated area away from incompatible substances. 
Store protected from moisture. 
Section 8 - Exposure Controls, Personal Protection 
263 
 
 
 
Engineering Controls: Good general ventilation should be sufficient to control airborne 
levels. Facilities storing or utilizing this material should be equipped with an eyewash facility 
and a safety shower.  
Exposure Limits 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Sodium chloride none listed none listed none listed 
 
OSHA Vacated PELs: Sodium chloride: No OSHA Vacated PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear safety glasses with side shields.  
Skin: Wear appropriate gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to minimize contact with skin.  
Respirators: A NIOSH/MSHA approved air purifying dust or mist respirator or European 
Standard EN 149. 
Section 9 - Physical and Chemical Properties 
 
 
Physical State: Solid  
Appearance: colorless or white  
Odor: odorless  
pH: Not available.  
Vapor Pressure: Not available.  
Vapor Density: Not available.  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: 2575 deg F  
Freezing/Melting Point:1474 deg F  
Autoignition Temperature: Not available.  
Flash Point: Not applicable.  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 1; Flammability: 0; Reactivity: 0  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
Solubility: Soluble.  
Specific Gravity/Density:2.165  
Molecular Formula:NaCl  
Molecular Weight:58.43 
Section 10 - Stability and Reactivity 
 
 
Chemical Stability: Stable.  
Conditions to Avoid: High temperatures, exposure to moist air or water.  
Incompatibilities with Other Materials: Reacts with most nonnoble metals such as iron 
or steel, building materials (such as cement), bromine, or trifluoride. Potentially explosive 
reaction with dichloromaleic anhydride + urea. Electrolysis of mixtures with nitrogen 
compounds may form explosive nitrogen trichloride.  
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Hazardous Decomposition Products: Toxic fumes of sodium oxide.  
Hazardous Polymerization: Has not been reported. 
Section 11 - Toxicological Information 
 
 
RTECS#:  
CAS# 7647-14-5: VZ4725000  
LD50/LC50: 
CAS# 7647-14-5: 
Draize test, rabbit, eye: 100 mg Mild; 
Draize test, rabbit, eye: 100 mg/24H Moderate; 
Draize test, rabbit, eye: 10 mg Moderate; 
Draize test, rabbit, skin: 50 mg/24H Mild; 
Draize test, rabbit, skin: 500 mg/24H Mild; 
Inhalation, rat: LC50 = >42 gm/m3/1H; 
Oral, mouse: LD50 = 4 gm/kg; 
Oral, rat: LD50 = 3 gm/kg; 
Skin, rabbit: LD50 = >10 gm/kg;<br. 
  
Carcinogenicity: 
CAS# 7647-14-5: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No information reported.  
Teratogenicity: An experimental teratogen.  
Reproductive Effects: Human reproductive effects by intraplacental route: terminates 
pregnancy. Experimental reproductive effects.  
Neurotoxicity: No information reported.  
Mutagenicity: See actual entry in RTECS for complete information.  
Other Studies: No information reported.</br. 
Section 12 - Ecological Information 
 
 
Ecotoxicity: No data available. No information found.  
Environmental: No information reported.  
Physical: No information found  
Other: No information found 
Section 13 - Disposal Considerations 
 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR 
Parts 261.3. Additionally, waste generators must consult state and local hazardous waste 
regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed. 
Section 14 - Transport Information 
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 US DOT IATA RID/ADR IMO 
Canada 
TDG 
Shipping Name: 
No 
information 
available.    
No 
information 
available. 
Hazard Class:      
UN Number:      
Packing Group:      
 
Section 15 - Regulatory Information 
 
US FEDERAL 
 
TSCA  
CAS# 7647-14-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
None of the chemicals in this material have an RQ.  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 7647-14-5: acute.  
Section 313 
No chemicals are reportable under Section 313.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain 
any Class 1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. 
None of the chemicals in this product are listed as Priority Pollutants under the CWA. None 
of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 7647-14-5 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
California No Significant Risk Level: None of the chemicals in this product are 
listed. European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
Not available.  
Risk Phrases: 
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Safety Phrases: 
S 24/25 Avoid contact with skin and eyes.  
 
WGK (Water Danger/Protection) 
CAS# 7647-14-5: 0  
Canada 
CAS# 7647-14-5 is listed on Canada's DSL List. CAS# 7647-14-5 is listed on Canada's DSL 
List.  
This product has a WHMIS classification of D2B.  
CAS# 7647-14-5 is not listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
Section 16 - Additional Information 
 
MSDS Creation Date: 7/12/1999  
Revision #3 Date: 8/14/2001  
The information above is believed to be accurate and represents the best information currently available to us. However, 
we make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and 
we assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the 
information for their particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third 
party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if 
Fisher has been advised of the possibility of such damages. 
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